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Abstract of Thesis Entitled 
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For the Degree of Master of Philosophy 
at the Chinese University of Hong Kong in September 2001 
The study evaluates the environmental impact assessment (EIA) system of 
Hong Kong on soil impact management and thereafter suggests the need of soil impact 
assessment (SIA) in EIA. The study, as a post-project analysis (PPA) on soil 
management of the EIA of the Towngas Pipeline Lantau Link, Cross Country Section, 
emphasizes on the need of improving soil impact management, accelerating 
site-specific landscape restoration and ensuring environmental protection. 
The PPA found that the soils laid along the Towngas Pipeline were sub-optimal 
for plant growth with various soil conditions, which implied the essentiality of 
differential soil amendments for the success of landscape restoration after the pipeline 
project. Moreover, SOM and TKN of the disturbed soils examined were greatly 
reduced but available N, P, K increased, meaning that pipeline construction have 
severely decreased the medium- to long-term nutrient provision of the soils because 
i 
the available nutrients were ready to lose but nutrient recycling mechanisms were not 
yet re-established. The fertility problem became more complicated. 
However, in the EI A Report of the Towngas Pipeline Project, neither the 
complexity of soil fertility problem, nor the severity of soil impacts was discussed. 
For soil property baseline and localized soil impact prediction are essential for 
illustrating the complete picture to decision-makers, the soil baseline and soil impact 
prediction in the EIA were insufficient. Meanwhile, mitigation was also ineffective 
for managing the impacts associated with the pipeline project that severe impacts were 
resulted. It seemed that the possibility of soil impacts was ignored in formulating the 
mitigation, while the mitigation was not specific enough to be adopted in various sites. 
Furthermore, the possibility of non-compliance of mitigation and restoration measures 
should not be overlooked due to the absence of monitoring. 
The aforesaid problems would influence the success of landscape restoration, 
which is essential for healing the disturbed landscape. Therefore, suggestions on 
improving soil management are provided. A more site-specific approach on soil 
management should be embodied in the EIA system, in the form of the SIA, to 
facilitate better soil impact management. If we really concern about the environment, 
i i 
soil should not be further ignored, while other environmental components are 
subjected to protection by the legal framework. Indeed, compared with other 
environmental components, it is far more difficult to restore the deteriorated soils. 
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The thesis examines the importance of soil impact assessment (SIA) in 
environmental impact assessment (EIA) in Hong Kong. The study employs the EIA of 
the Towngas Pipeline Lantau Link, Cross Country Section as a case study, and 
rationalizes the need to include SIA in the EIA process for better soil management, 
landscape restoration and environmental protection. 
Many countries and regions adopt EIA as instrumental tool for better 
environmental planning and decision-making (Ortolano & Shepherd 1995). Through 
baseline identification of the environment, impact prediction, mitigation measures and 
monitoring programs, EIA manages beneficial and adverse environmental impacts of 
human activity (Fischer & Davis 1973; Gilpin 1995; Wood 1995). 
EIA has been introduced to Hong Kong since the mid-1970s (Lam & Brown 
"1 
1997) after the enactment of U.S. National Environmental Policy Act (NEPA) in 1969 
(Clark 1986; Ortolano 1997). For over twenty years, it was adopted in Hong Kong 
without statutory requirement. The need of this tool was suggested by administrative 
circular and procedures and guidelines (Lam & Brown 1997) until the enactment of 
Environmental Impact Assessment Ordinance (EIAO) in 1998. The ordinance 
provides a legal framework to ensure compliance of recommendations in EIA, 
especially from the private sector (Au 1998), which is a significant step in the 
development history of environmental protection in the territory. 
In Hong Kong, EIA is practiced in a progressive and interactive approach (Lam & 
Brown 1997), and integrated into the project design stage. This approach reduces time 
and cost, and promotes collaboration and creative problem solving. Over the years, the 
process was ‘pollution-centered’ until recent inclusion of ecological and visual 
impacts in the study scope. This development seems to parallel the trends in EIA 
worldwide, in light of a rising concern about ecological impact assessment (EcIA) 
(Bruns et al. 1993). Unlike past EIA practice. EcIA predicts the consequences of 
development activities on organisms other than people (Treweek 1995). The 
emergence of EcIA resulted in a simultaneous change of EIA from the previous 
'pollution-centered' approach to a more holistic 'environment" approach (Fischer & 
Davis 1973). Indeed, adoption of EcIA helps to conserve biodiversity and to deliver 
sustainability that have not been previously considered by EIA (Treweek & Hankard 
1998). 
The growing concern of our environment also reinforces the need to restore sites 
disturbed by human activity. Restoration is applied in the EIA as mitigation to 
minimize the impact of human activity (Marriott 1997), involving systematic 
application of artificial control and management strategies to convert a degraded 
landscape to a more natural state (Harker et al 1993). 
Restoration is a complex process, success of which depends on financial and 
engineering considerations as well as our understanding of the ecological principles. 
Failure occurs when factors affecting restoration are only partially understood or when 
mitigation measures are ineffective (Jordan et al. 1990). As the most basic natural 
resource on earth, soil not only affects plant growth but also the choice of species in 
restoration planting (Bainbridge 1990; Bradshaw 1990a: Virginia 1990). It suffers 
from physical, biological and chemical decline during land degradation, extent of 
which varies with the level of disturbance. Thus. SIA plays a significant role in EIA 
otherwise mitigation measures would not be truly effective. 
、 
Soil assessment is not completely new, and the long experience of soil study 
worldwide has established voluminous accounts on soil quality. Majority of the 
literature deals with productivity in agriculture and forestry, while developmental 
impact on soil is less understood (Hodson 1995). When soil is referred to in an EIA, 
the focus is more on its relationship with geology (Hodson 1995; Marriott 1997), 
groundwater (Van Der Zee & De Haan 1992; Marriott 1997), pollution and 
contamination than on the ecosystem as a whole. Because the depth of individual study 
varied considerably, it is difficult to generalize rules that can be applied in a wider 
context (Hodson 1995; Marriott 1997). Where guidelines for SI A are available, they 
are difficult to adopt because the relationship between human activities and soil 
impacts is too complicated to streamline (e.g. Canter 1996). In Hong Kong, soil is not 
a concern of EIA practitioners and only limited reference has been made in the 
Technical Memorandum of EI AO (EPD 1999). This results in insufficient experience 
on SIA, hence incomplete provision or virtual ignorance in the EIA process. 
Thereupon, it may impair people's use of information provided in the EIA to 
understand the site conditions and formulate restoration guidelines, which may lead to 
delay or even failure of restoration amid continued degradation of the site. Because of 
this, there is a compelling need to include SIA in environmental conservation (Canter 
1996; European Environment Agency 1998). 
"4 
In view of the growing importance of SI A worldwide and a lack of experience in 
Hong Kong, the thesis examines the importance of soil in a Towngas project EIA. This 
was accomplished through a post-project analysis (PPA) of a 13-km pipeline in the 
territory. Similar PPA approach had been adopted by the United Nations Economic 
Commission for Europe (1990) and Sadler (1998). It evaluates accuracy of the 
predicted impacts on soil and technical suitability of the restoration guidelines 
provided in the project EIA in the absence of a proper SIA. With a better 
understanding of soil impacts caused by pipeline construction, we can then evaluate 
objectively the relevance of SIA in project EIA. Finally, recommendations can be 
made to improve the EIA process, as suggested by Gilpin (1995) amd Lohani et al 
(1997). 
1.2 The Problem 
1.2.1 Towngas Pipeline 
The Towngas Lantau Link Pipeline was installed by the Hong Kong and China 
Town Gas Company Limited from late-1993 to late-1995. The pipeline extends from 
the central part of the New Territories of Hong Kong to North Lantau, providing gas 
supply for the new airport and new town at Tung Chung on Lantau Island (Figure 1.1). 
Part of this is a 13-km long land section installed across the Tai Lam Country Park, 
from Route Twisk to Tai Lam Nullah covering a hilly countryside of different geology, 
gradient, aspect and vegetation cover. 
The pipeline was laid in an excavated trench before being backfilled, compacted 
and restored with vegetation. It involved a disturbance of the vegetation, soil, and 
general topography of the land. During construction, the soil was excavated to provide 
a trench with a width of 1 m and a depth of 2 m. A ductile iron pipe of 800 mm in 
diameter was then installed 1 m below ground. It was then protected with concrete slab 
and backfilled with the original substrate. This led to a disturbance of the entire soil 
profile, as average depth of the soil along the pipeline was below 3 m (Hodgkiss et al. 
1981). It was also likely to induce soil mixing when precise separation of the soil 
horizons during construction was difficult. Nevertheless, a corridor of 5-7 m wide 
(Mott MacDonald 1992: Mott MacDonald 1993c) was required along the entire 
pipeline to provide sufficient workplace for the project. The nutrient cycle was 
temporarily disrupted consequent to removal of the vegetation. 
1.2.2 Environmental Impact Assessment (EIA) 
Environmental impact assessment of the pipeline was conducted by a consultant 






































































































































































































































































































































































































































































































































when the EIA Ordinance in Hong Kong' was not yet enacted. The adoption of EIA 
practice in the project was probably because the pipeline traversed a protected country 
park, making it necessary for land lease and development approval from the 
government (Lam & Brown 1997). The EIA undertaken in 1992 focussed on pollution 
assessment, drafting of a master landscape plan, framing of restoration proposals and 
ecological studies (Mott MacDonald 1992). The supplementary EIA compiled in 1993 
provided further details on ecological baselines of the site (Mott MacDonald 1993b). 
In the 1992 EIA Report, detailed pollution assessments of air, noise and water 
were presented. The master landscape plan gave an analysis of the site, including 
topography, soil types, altitude, aspect, vegetation and growth potential of the site 
(Mott MacDonald 1992). The soils were briefly classified into alluvial, granitic and 
volcanic, while details of morphology, structure and nutrient status were lacking. It 
was then followed by a general description of the ecology of the site, restoration 
proposals and aftercare of the restored vegetation. 
The second EIA compiled in 1993 provided results of a detailed survey on flora 
and fauna of the site, at the request by the then Agriculture and Fisheries Department 
The E IAO in Hong Kong was enacted in I 997 and became effective only from Apr i l of I 998. 
"8 
(AFD)2 (Mott MacDonaJd 1993a). Much of the information including proposals on 
restoration had already appeared in the first report. The supplementary information 
gathered in the second report had not been used to refine the strategy of restoration. 
Instead, the two major objectives of restoration were repeated in the 1993 report, 
namely to achieve soil stability and minimize visual and habitat impacts. Therefore, 
the restoration guidelines detailed in the second half of the report focussed on soil 
stability, reduction of visual and habitat impacts. 
It is necessary to stabilize the soil because Hong Kong used to experience 2,250 
mm rainfall annuall y and the rugged topography of the site facilitates rapid runoff 
Restorati on guidelines began vvith recol11mendati on to preserve the topso il. through 
careful ren10val during excavati on and separate storage froll1 th e subsoil to avoid 
1l1lXlng. The need to n11nln11 ze or pre\'ent soil eros ion \\"as then highlighted. b\" 
prov iding ten1porary drainage channels at \"ulnerabl e areas. covering thc so il vv ith 
pl as ti c sheeting during rainy peri ods. backlilling or rill s. and reJl1 o\"ing aggregate and 
till n1 atcri als rrOn1 the pipeline co rri do r. In the treatn1cnt or so il leading to restorati on 
planting. recon1n1endati ons \\'crc pro\"ided for retenti on of the topso il. use of organi c 
so il conditioner. reu e of e:\cayatcd soil for bac kfill ing. ren1 o\"al of roc k fragl11cnts. 
Th~ .-\ g ri cLIl llI r~ ~lI1 d Fi ~ hc ri c 5 Dc:' !,aI1lllcllt haJ bcc ll rcn amcd ,1'- tilL' :\ gric ultLlrc. Fi shcri es and 
CO ll s ~n a l ioll DcpaI1JllCIH ( :\ I:C D ) s i ll ' ~ I ' .Iallua r . . ~ ()(J() " 
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and erection of fence to prevent damage of vegetation by feral cattle. In addition, 
technical specifications for planting were also provided including methods, size of pit， 
density, and fertilizers (Mott MacDonald 1993b). 
It seems that the EIA Reports had provided sufficient information about the site 
and soil management measures. In fact this is not the case. For instance, soil baseline 
description was overly simple and differentiation of soils by type (alluvial, granitic and 
volcanic) can barely reflect their growth potentials, while the existing soil erosion 
problem was illustrated in a ‘yes /no’ format (Mott MacDonald 1992). The impact of 
soil predicted in the project EIA was confined to erosion that only a general 
description of soil erosion after vegetation removal was provided in the report. 
However, it failed to differentiate the severity of erosion with geology, soil type and 
topography. This problem is particularly critical since the pipeline transverses a 
countryside with complex geographical settings. Soil heterogeneity is anticipated 
along the pipeline corridor, so will be its response to construction impacts and 
requirement of cultural intensity to restore productivity. 
Because of the above constraints, mitigation measures and restoration 
guidelines provided in the project EIA were not necessarily viable. The quality of 
"10 
restoration will be undermined, not to mention cost implications. Last but not the least, 
the project EIA was unaware of some adverse effects brought to the soil by some 
localized factors. 
1.2.3 Landscape restoration 
After pipeline installation, a corridor of bare ground was produced and visible 
from many places around the Tai Lam Country Park. It was unsightly and truly an 
eyesore to the local villagers and recreationists. Prompt restoration was necessitated 
by the needs to protect the underground pipe, minimize visual impacts and rehabilitate 
the once fragmented landscape of Tai Lam Country Park. Successful restoration of 
degraded lands could enhance ecological values of the system by adding biodiversity 
and enhancing wildlife (Lugo 1997), as well as reducing the amount of silt depositing 
ill streams and reservoirs (Webb 1996). A vigorous restoration programme involving 
grassing and tree planting was undertaken from mid-1995 to mid-1997 (Mott 
MacDonald 1993a). As of to date, the result of restoration varies considerably along 
the corridor and remedial works are required from time to time. For instance, soil 
stability in selected places is threatened by poor growth of the vegetation, enhanced 
erosion and land subsistence. 
"11 
1.3 Conceptual Framework 
1.3.1 Ecosystem disturbance and soil impacts of pipeline construction 
Aber (1990) classified ecosystem disturbance into three levels. The least severe 
disturbance is associated with vegetation disturbance, typical example being removal 
of vegetation by periodic fires. Soil destruction represents the most severe type of land 
disturbance in which the soil profile is destroyed or in the worst scenario the substrate 
is contaminated by toxic substances. Soil disturbance such as nutrient imbalance after 
prolonged farming is intermediate in severity of disturbance. In the construction of an 
overland pipeline, there was inevitable loss of topsoil, soil horizons mixing and change 
of soil properties (Culley et al. 1981, Putwain et al. 1982). Although it was claimed in 
the project EIA Report that the "backfilled trench construction method" is safe and 
causes no long-term environmental effects (Mott MacDonald 1993a). the validity of 
this statement needs to be authenticated. Throughout the construction period, the 
vegetation and soils were subjected to different levels of disturbance. For instance, 
vegetation disturbance occurred when the vegetation was removed or when building 
materials were stored on the vegetated areas. Soil disturbance and destruction also 
occurred when the substrate was excavated, stored and reinstated. In a nutshell, the 
major activities involved in pipeline construction include traffic movement, vegetation 
removal, material storage, soil excavation, soil storage, pipe laying, backfilling, and 
I： 
landscape planting. Each of these activities would result in differential impacts on the 
pipeline corridor, as also reported by Putwain et al. (1982). Apart from the aforesaid 
activities, geology, soil type and gradient may have an indirect effect on severity of the 
impacts and outcome of the restoration programme. For instance, red-yellow podzol 
derived from coarse-textured granite is more easily eroded than krasnosem derived 
from fine-grained volcanic rocks (Grant 1960). Therefore, it is difficult to identify 
precisely nature of the impacts, let alone accuracy of the prediction. In the absence of 
sufficient soil baseline data, the predicted impacts contained in the EIA Report 
appeared to be simple and underestimated. Even if soil mixing was avoided, soil 
chemistry might change since vegetation removal would disrupt the nutrient cycle of 
the ecosystem and remove the nutrient source (Lai 1998). This possibility was not 
recognized by the EIA. adding another error in impact prediction. 
Majority of the aforesaid activities exerted a direct impact on the soil and 
growth of the restored vegetation. The restoration of soil properties is easier said than 
done unless the long-term environmental stress and land degradation caused by 
pipeline construction is reduced to the minimum (Lai 1999). This can be achieved in 
two ways, from inception of the project to actual construction. Besides the provision of 
a detailed soil baseline in the EIA. as aforesaid, an assessment of the properties of the 
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disturbed soil is equally essential to successful restoration of the site (Aber 1990; 
Bradshaw 1990a; Harker et al. 1993). A comparison of the soil properties before and 
after construction gives us a better understanding of the magnitude of change caused 
by construction. This will, in turn, enable us to identify the major constraints on plant 
growth so that appropriate mitigation measures can be proposed. Results obtained 
from the soil survey are likely to show a disparity between the predicted and actual 
impacts. An accumulation of this knowledge and experience can help to improve the 
EIA process in future. 
Cumulative impact is being widely recognized in EIA practice (Marriott 1997). 
For example, the presence of feral cattle on the site may not necessarily induce soil 
erosion if the vegetation has not been disturbed by human activity. The clearance of 
vegetation also invited motorbikes to the pipeline corridor, which resulted in a 
substantial loss of the restored vegetation. However, these localized problems were not 
recognized by the project EIA. 
1.3.2 Scope and baseline 
EIA begins with a description of the scope and baseline data on physical setting 
and ecology of the site. It is easier to make accurate prediction of the impacts and to 
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suggest viable mitigation measures where detailed baseline data are available. 
However, the scope of EIA and adequacy of baseline in EIA is always challenged 
(Cavallin 1994; Lam and Brown 1997; Buckley 1998; Hickie & Wade 1998; Sadler 
1998). The provision of scope and baseline relies heavily on past experience and 
existing information. When past experience and information are limited, as in soil 
impact assessment of the pipeline project, the scope and baseline would be inevitably 
simple. Worse still, there were misconceptions in the EIA that pipeline construction 
would pose no long-term impact on the soils and that the adverse impacts, if any, 
would diminish with time. Instead, the impacts on vegetation and habitats were treated 
with priority although their mitigation is closely associated with proper handling of the 
soils. 
A lot of information is needed for people to fully understand the site conditions 
of a particular project. Soil disturbance arising from pipeline construction is linear in 
nature; it can extend over many landforms, soil types, land uses and climatic zones 
although the width of disturbance is relatively narrow (Culley et al. 1981). The 
pipeline under investigation extends over an undulating relief where the landform, 
geology, land use, vegetation, slope gradient and aspect are highly variable. Annual 
rainfall varies from 2,000mm to 3.000mm along the route (Hong Kong Observatory 
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1996). A classification of the soils into alluvium, granitic and volcanic without further 
details is simply not acceptable. As an important ecosystem component, an in-depth 
understanding of the soil physical and chemical properties is pertinent to successful 
restoration of the site (Aber 1990). 
1.3.3 Mitigation and restoration guidelines 
Mitigation helps to avoid, minimize, and rectify environmental impacts from 
human activity (Marriott 1997). However, the effectiveness and compliance of 
mitigation measures are always challenged (Ortolano & Shepherd 1995). If mitigation 
measures are ineffective, or not complied to, it can be harmful to the environment 
especially when the potential impact is significant. A major concern of pipeline 
construction is the potential risk of induced erosion along the corridor when 
restoration is not properly applied (Ciilley et al 1981). In conjunction with the high 
rainfall conditions in Hong Kong, the problem may intensify to form gully and 
badland. 
Insufficient soil baseline will undoubtedly affect accuracy of the predicted 
impacts, formulation of effective mitigation measures and compliance of the 
restoration guidelines. For instance, it would be difficult for workers to separate the 
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topsoil from subsoil when details of soil description are lacking in the EIA Report. 
Likewise, the nutrient status of the soils and their erodibility may vary along the 
pipeline corridor because of different geology, slope gradient and aspect. On the 
pipeline corridor, krasnozem derived from volcanic rocks are known to be better 
structured and contain more nutrients than the red-yellow podzol derived from granite. 
Because of this inherent difference, their response to construction impact can be highly 
variable. The coarse-textured red-yellow podzol may succumb to structural 
breakdown more easily than the fine-grained krasnozem. Coupled with the influence 
of topography, rainfall condition and vegetation, it is difficult to predict the cumulative 
impacts on soil during pipeline construction. This problem can be partly resolved by 
providing a detailed soil baseline in the EIA as well as drawing from past experiences. 
In face of this uncertainty, mitigation measures and restoration guidelines must be 
flexible and take into consideration the heterogeneous nature of soils. In other words, 
they must be tailor-made to cope with specific requirements on site otherwise the 
restored vegetation will not survive. A vicious cycle of land degradation will then be 
initiated, which can increase the difficulty of land restoration (Lai 1999). 
Growth of the restored vegetation not only differed substantially between 
different sections of the pipeline but also between different parts in the same section. 
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Overall, trees and shrubs tend to grow better on the pipeline shoulder (peripheral area 
of the trench) than the pipeline proper (where the trench was dug). According to the 
information supplied by the contractor, the entire corridor had been compacted by 
machine before restoration planting (Personal Communication, Chan 1998). Why is 
there a difference in growth performance of the vegetation? A detailed study on the 
soils and the mitigation measures attempted during the construction period may shed 
light on this growth problem. It also enables us to review the adequacy and 
effectiveness of the proposed mitigation measures. 
1.4 Objectives of the Study 
In view of the foregoing weaknesses in the EIA of the pipeline project, this 
study was initiated with the aim to improve the environmental management process in 
luture. Il examines in great details properties of the soils found along the pipeline 
corridor before and after construction of the pipeline. The magnitude of the impact on 
soils is established and related to other factors such as geology, relief and country park 
users that had not been documented in the HI A Report. Besides adding valuable 
information and experience in this field, the results are then used as a tool to evaluate 
the adequacy of the baseline on soil, accuracy of the predicted impacts and 
effectixeness of the mitigation measures provided in the EIA (Figure 1.2). 
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Fig. 1.2 Conceptual framework of the study 
In a nutshell, the thesis attempts to evaluate the importance of SIA in a project 
EIA of similar nature. The following hypotheses are tested in the thesis: 
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(a) Soils along the pipeline corridor are similar in properties, hence detailed 
description is not required for the baseline in the EIA; 
(b) pipeline construction resulted in minimal impacts on the soils so that the same 
mitigation measures can be applied to the entire pipeline corridor; and 
(c) soil impact assessment is unimportant in the EIA of a project that is characterized 
by linear disturbances. 
The test of these hypotheses requires a systematic collection of data from the 
field as well as a comprehensive review of w hat had been pro\ idcd in the project FIA 
Report. Since the project had been completed in 丨 998. a retrospective approach 
similar to that of a PPA is adopted for the study. The specific objectives are: 
(a) to examine the properties and characlcri/.alioii of undisturbed soils along the 
corridor unaffected by pipeline construction: 
(b) to examine the properties and characterization of the soils after disturbance by 
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pipeline construction; 
(c) to investigate the magnitude of change for the impacted soils and identify 
possible causes; 
(d) to evaluate the accuracy of predicted soil impacts in the EIA; 
(e) to review the effectiveness of mitigation measures and restoration guidelines 
provided in the EIA Report; and 
(f) to identify measures to improve the EIA process. 
1.5 Significance of the Study 
The increasing aspiration of better environmental quality parallels the rapid 
development in Hong Kong. Under a user-paid principle, project proponents have to 
assume a greater responsibility in protecting the environment. As soil is regarded as 
the most basic natural resource on earth, its protection represents an important step for 
fulfilling such responsibility. The more we learn about human activity and the related 
soil impacts, the better we can manage it in future. Results obtained from this pioneer 
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study will undoubtedly help us to improve the EIA process that is designed to 
safeguard our environment. 
The spatial arrangement of urban development in Hong Kong would further 
reinforce the significance of the present study. In Hong Kong development is 
concentrated at the flat coastal lands, and direct linkage between developed areas is 
blocked by steep hills. Since 1976, the hilly hinterland had been designated as country 
parks and sites of special scientific interests (SSSI). Despite this some form of 
development in the countryside is inevitable, including the provision of highways, 
electricity, water and gas supplies. All of them are liable to cause linear disturbances to 
the environment. In view of a knowledge gap in this field, the present study provides a 
golden opportunity for us to evaluate soil impacts caused by pipeline construction. 
Experience gained in this study can then be applied to similar EIA in future, and can 
ensure fruitful compliance of the EIAO enacted in 1998. 
1.6 Scope of the Study 
The study focussed on impact on the soils by construction activities. A change in 
soil properties may trigger off a series of short- and long-term effects on the soil itself 
and the ecosystem. Emphasis is placed on major soil properties and suitability of the 
soil for plant growth. While soil productivity and stability would affect ecological 
succession on the disturbed site, the objective is not to monitor the change of soil 
properties with time. Instead, it provides a static measurement of what have happened 
1 to 2 years after restoration planting. Since the prime objective of the study is to 
provide a framework for improving the EIA process in Hong Kong, the relationship 
between soil and vegetation growth was not examined. The suitability of soil for plant 
growth was assessed by comparing the results against acceptable threshold levels in 
the literature. 
In this retrospective study, an assumption was made in reconstructing the soil 
properties unaffected by pipeline construction. The undisturbed soils at opposite sides 
of the pipeline were examined, and the results would represent conditions of the 
original soils. 
1.7 Terminology in the Thesis 
Some terms used in the thesis are defined below to facilitate easy understanding 
of the subject matter. 
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(a) Post-Project Analysis (PPA) 
PPA is a useful tool to review and facilitate future improvement of EIA. Although 
some people have suggested that PPA should contain a monitoring program (e.g. 
Canter 1996), this is not the case in the study. PPA in the thesis refers to a learning 
process, which audits soil impacts of the pipeline project and evaluates the role of soil 
impact assessment in EIA. 
(b) Environmental Impact Assessment (EIA) 
It represents the activities and processes to evaluate the significance of impact caused 
by human activity on the environment. 
(c) EIA Report 
It is a document containing the major findings of an EIA. In this study. EIA Report 
refers specifically to the Towngas Lcmtau Link—Enviwnmental Impact Assessment 
Final Report (Mott MacDonald 1992) and Towngas Lantau Link—Additional 
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Environmental Assessment Study Report (Mott MacDonald 1993b). 
(d) Baseline 
It is used to replace 'baseline data' because the term already incorporates the idea of 
information or data. 
(e) Mitigation 
Mitigation is used interchangeably with ^mitigation measures' in the thesis. 
(0 Pipeline corridor, proper and shoulder areas 
Pipeline proper refers to the trench of 1 m wide in which the gas pipe was buried, and 
is designated as (P) in the thesis. The shoulder (S) is the adjacent peripheral areas of 
the pipeline proper, with a width of 4-6 m. which was used for access, storage and 
accommodation during the construction period. ere fore, a pipeline corridor 
included both P and S. 
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1.8 Organization of the Thesis 
There are seven chapters in this thesis. The introduction identifies the problem 
and provides a conceptual framework of the study. Chapter 2 is the literature review on 
relevant studies and concepts from overseas and local literature. Site description and 
methodology are given in Chapter 3. Chapter 4 examines the soil baseline along the 
pipeline corridor, and summarizes some major characteristics of the different types of 
soil. The soil impacts caused by pipeline construction are discussed in Chapter 5, with 
special emphasis on nature, causes and magnitude of change. Chapter 6 discusses 
various ways to improve the EIA process, from the need of detailed soil baseline and 
site-specific mitigation measures to the need of soil impact assessment. The major 





2.1 Ecosystem disturbance and impacts of pipeline construction 
Most human activities result in disturbance of the ecosystem although the 
severity of disturbance is highly variable. Aber (1990) had identified three levels of 
disturbance of which the least severe one is vegetation disturbance. It refers to 
vegetation removal while the soil profile remains relatively unaffected, as in the 
combustion of vegetation by fire. When both the vegetation and soil have been 
affected, it leads to the intermediate level of disturbance characterized by nutrient 
imbalance and a change in soil structure. One typical example is prolonged farming of 
a specific crop. The most severe disturbance involves soil destruction in which the soil 
is converted to a form totally outside the range of natural conditions, as in mining and 
gully erosion. 
Pipeline construction may cause different levels of disturbance to the ecosystem. 
During construction, vegetation disturbance occurs when plant is removed (Um & 
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Wright 1996) and compaction by vehicles can lead to a disturbance of the soil 
(Putwain et al. 1982). Soil destruction may also occur because excavation can lead to a 
disruption of the soil structure and physical properties (Department of Trade and 
Industry 1992). It may also induce topsoil loss, soil horizons mixing, change of soil 
characteristics and modification of the groundwater regime (Culley et al. 1981; 
Putwain et al 1982; Diab 1998). In addition, soil erosion can be accelerated by the loss 
of soil structure in the post-construction phase as a consequence of vegetation removal 
(Putwain et al. 1982). These impacts contribute to subtle changes in soil moisture, 
structure, total nitrogen, organic carbon and total phosphorus after pipeline 
construction (Putwain e/ al 1982). 
The impacts of pipeline construction vary with locations on the corridor, being 
more significant on the pipeline trench than the peripheral areas. Impacts of lower 
intensity can extend to vehicle track and storage area (Putwain d al. 1982). 
Since pipeline usually extends over a long distance, it would cause a linear type 
of disturbance to the environment. Impacts can extend o\er many landforms. soil types, 
land uses and even climatic zones, resulting in a corridor of degraded land if 
restoration fails (Culley ct al. 1981). It not only affects the terrestrial ecology but also 
creates a visible scar (Um & Wright 1996). In Britain pipeline construction had 
severely degraded the heathland, leaving behind a linear scar for many years even after 
completion of the project (Putwain et al. 1982). These environmental problems can be 
avoided or minimized if environmental constraints were considered in the planning 
stage through the use of EIA (Department of Trade and Industry 1992). 
2.2 Soil as an important natural resource 
The disturbance of soil during pipeline construction is an important issue 
because soil plays a significant role on the whole environment, and its degradation 
may stimulate further environmental problems (Lohani et al. 1997). 
Soil is a major life-supporting component of the biosphere and it provides 
various functions in the ecosystem (Doran et al. 1999). For the terrestrial ecosystem 
and landscape, it provides mineral elements and physical structure to many organisms 
(Hodgkiss et al 1981; Lijbert Brussaard et ciL 1997; Odum 1997), and soil is the 
medium for plants to root (Bradshaw 1990b). The soil biota is essential for many 
ecosystem functions, like the decomposition of organic matter, nutrient cycling, 
bioturbation and suppression of soil-borne diseases and pests (Lijbert Brussaard et al 
1997). The topsoil is especially important for the aforesaid functions since it plays a 
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vital role in soil productivity (Hodgkiss et al. 1981; Pierce 1991). However, soil 
functions would be adversely affected once the soil characteristics are changed. For 
instance, change of soil texture, pore space, soil water, air and temperature bear 
significant impacts on the life of soil biota (Hodgkiss et al. 1981), and growth of 
higher plants (Aber 1990; Ashby 1990; Belnap 1998). Therefore, soil quality is closely 
related to ecosystem productivity (ISO 1994) yet the soil characteristics contributing 
to soil quality can be easily altered by land management (Jastrow & Milller 1998). 
Soil is also a natural resource because it has productive capacity and hosts 
life-support processes (Rivas et al. 1997; Goodland 1998). It has been described as the 
‘most basic of all natural resources' (Lai & Stewart 1992) and "the most important part 
of land resource’ (Bradshaw & Chadwick 1980). It is treated as an ecological resource 
(Treweek & Hankard 1998) since it has special roles in the ecosystem. However, soil is 
a finite and non-renewable resource that should only be utilized in a carefully planned 
and sustainable way (Goodland 1998). 
The quality of soil influences the suitability of activities on the land and vice 
versa. Concerns are particularly found in farming and forestry due to the direct 
influence of soil quality on land productivity, yet its influence on water and air quality 
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should not be overlooked (Doran et al 1999). Soil quality assessment has been applied 
in agricultural and ecological studies to evaluate the soil conditions (Doran et al. 1999; 
Sojka & Upchurch 1999). However, the use of a single and integrated soil quality 
index for evaluation is subjected to strong criticism particularly concerning its 
scientific reliability and limited applicability (Sojka & Upchurch 1999). 
2.3 Environmental Impact Assessment (EIA) 
2.3.1 Theory and practice of EIA 
The environment can be managed through the use of environmental impact 
assessment (EIA) to manage environmental issues related to human activities. For 
instance, an EIA should be adopted before pipeline construction (Morgan & Mem on 
1993) in order to mitigate the potential enx ironmenlal impacts. 
Theoretically, a genuine HI A should coordinate the planned and induced 
activities, and identily the environmental elements that arc likdy to be alTccled. The 
latter proccss IS synonymous lo ihc provision ot a compi'chcnsixc baseline. Ii should 
then be followed by an evaluation of en\ ironmental impacts, including initial and 
subsequent ones. Through the adoption of allernalix cs and mitigation. EIA should 
manage the beneficial and adverse en\ ironmental impacts generated hv the planned 
"54 
and induced activities over time. Monitoring programme should also be formulated to 
ensure the compliance of measures suggested in the EIA (Fischer & Davis 1973; 
Gilpin 1995; Wood 1995; Lohani et al 1997). The development proposal should be 
rejected if the environmental impacts of a project outweigh its benefits (Department of 
Trade and Industry 1992; Lu 1999). 
Environment is defined as 'the whole array of diverse surroundings in which 
people perceive, experience and react to things and events' (Fischer & Davis 1973). 
Gilpin (1995) suggested that the environment could be separated into three categories: 
(i) The combination of physical conditions influencing the growth and development 
of an individual or community; 
(ii) the social and cultural conditions affecting the nature of an individual or 
community; and 
(iii) the surroundings of an inanimate object of intrinsic social value. 
Therefore, the prime concern of EIA is to reconcile development and 
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conservation (Ortolano & Shepherd 1995). The utmost important tasks are to predict 
human activity impacts on the environmental components (Carpenter 1999), and 
commit sufficient resources to rectify these impacts (Ortolano 1997). To achieve this 
goal, it should include non-monetary impacts and bio-physical impacts. 
EIA should be systematic and integrative in nature, and must be initiated before 
project approval (Gilpin 1995; Wood 1995). It should be treated as an essential 
environmental tool for assisting and improving decision making (Ortolano & 
Shepherd 1995; Marriott 1997; Devuyst 1998). However, Ortolano (1997) argued that 
EIA is more a justification and defending tool than an actual environmental tool. 
2.3.2 EIA in Hong Kong 
EIA has been introduced to Hong Kong since the mid-1970s. It was then 
adopted through administrative measures to achieve environmental planning at 
project-based level (Wood & Coppell 1999). The Environmental Impact Assessment 
Ordinance (EIAO) was enacted in 1997 and became effective on 1 April 1998 (Au 
1998). This was a watershed for a legally enforceable EIA application in Hong Kong. 
From the late-1970s to 1980s, the scope of EIA in Hong Kong focused mainly on air, 
water and noise pollution although more recently, visual and ecological impacts have 
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been included (Lam & Brown 1997). The recent trend reflects a significant 
improvement in the field since environment is more than pollution (Fischer & Davis 
1973). Despite this SIA is still left out in the Hong Kong EIA although the practice has 
already been adopted overseas (Gilpin 1995; Hodson 1995; Treweek 1996; Marriott 
1997; Rivas et al. 1997) and in the mainland (Lu 1999). According to overseas 
experience, soil assessment helps to avoid major soil impacts and prevent degradation 
of the whole ecosystem (Hodson 1995). 
2.3.3 Soil assessment in EIA 
There is no unified concept in the literature about the content of soil assessment 
in HI A. Soil assessment is attempted in conjunction with a descnption of the geoIog\ 
(Dcparlnienl of Trade and Industry 1992: I lodson 1995: Marrioll 1 997: Ri\ as d cil. 
1 997) or groundwater (\ an der / c c & Do I laan 1 992: C'anlcr 1 996: Lohani ct cil. 1 997). 
The theme of stud) can \ ar\ from soil pollution�（van dcr /.cc & l)c I laaii 1 992: (iilpin 
1()()5: C^antcr 1�)�)6: I lani 1997; Lohani c( cil. W 7 : l Airopcan l :n\ imnmcm Agcnc\ 
1�)98: Iai 1 999) to soil productivity (I-uropcan I j u ironmcnl Agcnc\ 1998). and land 
use capability (Biirchcll a al. 1()94: (iilpin 1995; Hodson 1995; Marrioll 1997: 
European En\ ironnicnt Agcnc> 1()()8). Although special emphasis is placcd on 
、Soil erosion is included in ihi< pollution cjie^orx 
pollution, the actual context of soil assessment has not been clearly defined in the 
literature. The lack of a defined framework also applies to the soil assessment of 
fertility and productivity in farming. While soil is unlikely to be assessed as an integral 
part of the whole ecosystem in an EIA, people's perception on soil assessment is a 
reflection of the local economic activity and culture (e.g. whether the society is keen to 
preserve the environment). This hinders the widespread use of soil assessment in 
preserving the environment and restoring degraded lands. In its infancy stage of 
development (Environment Agency 1996) and omission in local EIA, it is worthwhile 
to conduct a systematic study on SIA. 
2.3.4 Ecological impact assessment in EIA 
There is a growing awareness of the importance of ecology in environmental 
systems among the environmentalists. This resulted in the emergence of ecological 
impact assessment (EcIA) from the mainstay of EIA. EcIA predicts the consequences 
of development activities for organisms other than people (Treweek 1995). It therefore 
defines, quantifies, and evaluates the potential impacts of specific actions on the 
ecosystem. As a tool in environmental study, it helps to reduce developmental impacts 
with proper mitigation and seeks to conserve biological diversity and delivers 
sustainability (Treweek 1996; Treweek & Hankard 1998). Nowadays, EcIA mainly 
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deals with species and habitat survey while genuine assessment of their impact is 
relatively weak (Institute of Environmental Assessment 1995; Treweek & Hankard 
1998). SIA is also excluded from the EcIA even though soil is vital to the habitat and 
ecosystem (Hodgkiss et al 1981; Hodson 1995). In Hong Kong, EcIA is treated as a 
sub-set of the EIA in the technical memorandum of the EIAO (EPD 1999). 
2.3.5 Mitigation 
Formulation of mitigation is an important task in both EIA (Marriott 1997), and 
EcIA (Treweek 1995). The provision of appropriate mitigation measures and their 
implementation is required to avoid, minimize and rectify impacts. The affected 
environment can also be cured by adopting compensation, restoration or habitat 
replacement and maintenance ( Treweek 1995; Marriott 1997: Ortolano 1997). 
Restoration is one of the most popular mitigation measures in project 
development yet it is a process that is extremely difficult to be precisely defined. 
According to Harker et al. (1993), restoration is simply 'returning some degraded 
portion of landscape to an improved and more natural pre-existing condition.' Where 
full restoration is needed, one has to put exactly the previously existing things back 
with their proper functions (Bradshaw 1990b). Thus restoration involves artificial 
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control and management of the ecosystem while trying to reconstruct and heal it 
(Bradshaw & Chadwick 1980; Bradshaw 1990a; Jordan et al. 1990). The objectives of 
restoration include three broad frameworks, namely technical, productive and 
ecological (Bradshaw 1990b). However, these objectives are always constrained by 
limited time and budget (Diamond 1990). 
Besides the constraints of time and budget, the outcome of restoration is 
dependent on our understanding and management of site factors. Knowing the end-use 
of the site, it is necessary to define the goal of restoration through careful planning and 
comprehensive analysis of the hydrological, geological and biological characteristics 
of the site (Bradshaw & Chadwick 1980). A restoration programme is then prepared, 
taking into account all economic, engineering and ecological considerations. This 
process is data hungry, requiring information about soil types, geology, disturbance 
history, biological inventory and natural seed sources (Harker e( al. 1993). It is also 
essential to know the nature of the damage so that mitigation measures can be 
tailor-made to repair the system (Bainbridge 1990; Bradshaw 1990b). In this regard, 
the severer the disturbance, the more information is needed in preparing the restoration 
programme (Aber 1990). The information will then be used to complete site 
preparation, which is another critical key to restoration. Site preparation includes 
grading, soil treatment, fertilizing, watering (Bradshaw & Chadwick 1980; Harker et 
al. 1993), and even soil replacement (Bradshaw 1990b). Where the disturbance 
involves soil destruction, soil re-creation is needed to overcome the hostile growth 
environment (Aber 1990). Thus the importance of soil on restoration must not be 
overlooked because it is always the starting point before the emergence of new plants 
(Bradshaw 1990b). For instance, low soil fertility would be stressful to plant growth 
on disturbed land (Virginia 1990). Native species failed to grow following a pipeline 
construction project in San Diego because of unsuccessful soil restoration (Bainbridge 
1990). 
2.3.6 Significance of impacts 
The omission of SIA from EIA or EcIA is partly a result of the misconception 
that soil impacts are not significant and that they will heal up themselves over time. As 
a corollary, the inclusion of detailed soil information in EIA would become acceptable 
only when the potential impacts have a significant repercussion on the environment. 
As significance is an abstract concept that is highly subjective (Gilpin 1995), 
guidelines defining impact significance are rarely found in the literature except those 
suggested below by Lohani et al (1997): 
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(i) Importance: The value that is attached to a specific environmental component in 
its current condition. 
(ii) Extent of disturbance: The area affected by the disturbance which is anticipated 
to occur from the project. 
(iii) Duration and frequency: The amount of continuous time the disturbance-causing 
activity will occur and the frequency of occurrence. 
(iv) Risk: The probability of an unplanned incident caused by the project that would 
result in significant adverse impacts. 
(V) Reversibility: The ability of the environmental components to recover their value 
after a disturbance has occurred. 
2.3.7 Weaknesses of EIA 
Although EIA is a powerful tool that can minimize environmental impacts, it is 
subjected to different criticisms: 
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(a) The narrow scope of EIA will inevitably lead to an insufficient baseline (Cavallin 
1994; Lam and Brown 1997; Buckley 1998; Hickie & Wade 1998; Sadler 1998). 
(b) The uncertainties of the environmental events may lead to inaccurate prediction 
on impacts (Bisset & Tomlinson 1983; Hickie & Wade 1998; Sadler 1998). 
(c) Indirect and cumulative impacts are usually missed out in the EIA (Ortolano & 
Shepherd 1995; Canter & Clark 1997; Lam and Brown 1997; Preston & Bedford 
1988). Indirect impact is caused by activities stimulated by the original activity. 
Cumulative impact is the significant impact caused by the combination of 
different insignificant impacts (Marriott 1997). including those from the past and 
present (McCold & Saulsbury 1996). 
(d) Mitigation may not be implemented properly, especially when monitoring is 
lacking (Ortolano & Shepherd 1995; Lam and Brown 1997). 
(e) Mitigation may not be always effective because of the wide variation in the level 
of disturbance, as well as the need of local knowledge and site information (Aber 
1990). In particular, the effectiveness of soil restoration is generally limited 
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(Pierce 1991; Logan 1992; Izaurralde et al. 1994). 
Because of the above shortcomings, there is the need of post-project analysis 
(PPA), and monitoring and audit to improve the process ( Bisset & Tomlinson 1983; 
Bailey & Hobbs 1990; Gilpin 1995; Treweek 1995; Canter & Clark 1997; Sadler 
1998). 
2.3.8 Post-project analysis, monitoring and audits 
PPA is regarded as an effective tool for improving the EIA process, and is 
sometimes equated with auditing (Gilpin 1995). It is a comprehensive and long-term 
hindsight review of major development proposals that have undergone assessment and 
received approval (United Nations Economic Commission for Europe 1990). The 
development may be under construction, recently completed, fully operational or 
about to be decommissioned. PPA provides the 'whole-life cycle" approach to 
assessment and review from proposal to disposal. It has various aims including the 
control of environmental impacts or monitoring of compliance and baseline. It can 
also aim at studying scientific accuracy of predictions, technical suitability of 
mitigation measures. EIA process-effectiveness or environmental management 
systems like the roles of public participation. PPA can exist as an audit that compares 
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measured impacts with pre-project conditions and predicted impacts. On the other 
hand, it can be an evaluation that checks the effectiveness of processes used to manage 
the impacts (United Nations Economic Commission for Europe 1990). However, most 
PPAs are single-focus implementation studies and follow-up studies that aim at future 
process improvement (Sadler 1998). 
Monitoring ensures compliance of mitigation and it can improve the forecasting 
capabilities of EIA (Shepherd 1998). Post-project impact monitoring can provide 
opportunities to reduce adverse effects, indicate the effectiveness of mitigation 
measures and advance the practice of impact prediction (Ortolano 1997). Treweek 
(1996) also thought that the application of post-development monitoring with field 
tests would be useful for improving ecological predictions and effectiveness of EcIA. 
Canter & Clark (1997) suggested that follow-up activity of EIA provided a real 
opportunity for environmental management, from construction, operation to 
post-operational phases of the proposed projects. The suggested activities may include 
monitoring, implementation and evaluation of mitigation, project-operational 
decisions and periodic audits to ensure regulatory compliance and to document actual 
impacts. Therefore, the harmful effects on the em ironment can be mitigated once they 
4： 
are discovered. 
The objective of these follow-up activities is to improve the EIA process and 
prevent further environmental degradation. 
4 : � 
Chapter 3 
Study Area and Methodology 
3.1 Introduction 
This chapter describes the Hong Kong Special Administrative Region (HKSAR) 
in general, and the environmental factors of the study area and methodology of the 
study in particular. Hong Kong is located within the tropics, between latitudes I T 09' 
and 22。37' N, and longitudes 113。52' and 114。30' E. It has a total area of about 1091 
W . 
The 13-km long land section of the Towngas pipeline under investigation runs 
from east to west, in the N e w Territories of the H K S A R . It extends from Chuen Lung 
near Tai M o Shan to Tai Lam Chung, cutting across the Tai Lam Country Park^ (Fig. 
3.1). Tai Lam Country Park has an area of 5.370 hectares and is the catchment of the 
Tai Lam Chung Reservoir. It was deforested during the Japanese occupation of Hong 
Kong from 1941 to 1945. A massive reforestation program was initiated in the early 
1950s to protect the soil and conserve water resource in this catchment. The vegetation 
is subjected to the influence of repeated fires, and most woodlands are confined to the 
middle and lower hill slopes while the upper slopes are covered by grasses and 
scattered shrubs (Thrower 1984). 
4 Country parks of Hong Kong are protected areas established since 1976 to fulfil objectives of 
















































































































































































































































































































































































































































































































































































































































































































































The pipeline corridor traverses an undulating topography, elevation ranging 
from sea level at Tai Lam Chung to the highest point of 460 m at Pak Shek Kiu. It 
transcends a high rainfall zone of 2,000-3,000 m m per annum (Hong Kong 
Observatory 1996). 
3.2 Climate 
Hong Kong experiences a monsoon climate, and seasonal changes are well 
marked due to its location on the southeast coast of the Asiatic mainland. It has a hot 
humid summer and a cool dry winter (Chin 1983). Mean monthly temperatures reach 
30°C in summer and 15°C in winter. Absolute minimum temperature can fall to below 
0°C on Tai M o Shan, which is the highest peak (971 m) in the territory and is not far 
away from the study area. Average annual rainfall exceeds 2,200 m m , 85% of which 
falls as showers or thunderstorms within the summer period which extends from 
mid-April to late-September (Chin 1983; Hong Kong Observatory 1999). Rainfall 
distribution varies between years and with location, and maximum rainfall is recorded 
in Tai M o Shan. Sai Kung Peninsula and Lantau Island (Hong Kong Observatory 
1996). Prevailing wind usually blows to Hong Kong from the east, except lor JuK 
when wind blows from the southwest (Hong Kong Observatory 1996). Upland slopes 
with a northerly aspect are subjected to wind chill effect in winter. 
3.3 Geology and Soils 
Hong Kong is covered by a wide range of rocks formed in the Palaeozoic, 
Mesozoic and Cenozoic Eras (Peng 1983). The major formations were associated with 
the Yanshanian tectonic mo\ement (Jurassic Period) during which large amount of 
lava and ash were erupted, and massive granite batholiths intruded underground (Peng 
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1983). The Repulse Bay Volcanic Formation, which consists of the most common rock 
types in the territory, spread over the eastern peninsulas of the N e w Territories, Tai M o 
Shan, western Lantau Island and about half of the Hong Kong Island to the south. They 
are mostly volcanic tuffs with some lava in the marginal areas, and are siliceous and 
rhyolitic in chemical composition. 
Granite outcrops occupy about one-third of the land area of Hong Kong, 
covering the southern and western parts of the N e w Territories, northern Hong Kong 
Island and eastern Lantau Island. It is similar to rhyolite in chemical composition, but 
coarser in grain size. Reduction of the upper loads leads to the relief of stress in this 
intrusive rock, resulting in the formation of a well-developed jointing system in the 
granite. Granite is vulnerable to the attack of weathering agents. In addition, 
sedimentary and metamorphic rocks and quaternary deposits are scattered as tiny 
patches in the territory. 
Specifically, the geology of study area is dominated by granite but granodiorite. 
Mesozoic volcanic and sedimentary rocks also exist at the eastern part (Davis 1949. 
CJCO 1989). The granite is mostly fine-grained while the granodiorite is fine- to 
medium-grained. The volcanic rocks belong to Ap Lei Chau and Shing Mun 
Formations, mostly fine ash \ ilric tuff, lithic and crystal tuffs, tuff-breccia and tuffite. 
In Hong Kong, the soil is broadly classified into alluvial and hilly soil types 
(Grant 1960). Alluvial soils constitute 20% of the total land area confined to river 
valleys, tloodplains and coastal lowlands. They are natural 1\ the most fertile soils in 
the territory, which used to support the grow th of rice and market gardening crops in 
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the past. Nowadays, many of the low-lying lands dominated by alluvial soils are 
developed especially on Hong Kong Island and in the Kowloon Peninsula. Hill soils 
are mainly derived from the weathering of granite and volcanic rocks, and they cover 
80% of the total land area. The two dominant soil groups are red-yellow podzol and 
krasnozem (Grant 1960). The red-yellow podzol develops on granitic rocks at all 
altitudes, or volcanic rocks above 300 m, whereas krasnozem develops on volcanic 
rocks below 300 m. Red-yellow podzol is characterized by clearly separated horizons 
that are, however, absent in the krasnosem (Hodgkiss et al. 1981). Red-yellow podzol 
is coarse-grained and easily eroded, hence supports the growth of thin grassland only. 
Krasnozem is fine-grained and more resistant to erosion; it can support a more 
luxurious growth of shrublands and woodlands. Overall, the hill soils are strongly 
acidic in reaction, contain low levels of organic matter, and are deficient in nitrogen, 
phosphorus and cation nutrients (Grant 1960). 
3.4 Study Plots 
Five study plots were chosen for this study, each representing a distinct 
environment along the pipeline corridor. The selection was initially based on geology, 
altitude, soil, slope gradient and vegetation, with additional consideration of the 
following criteria: 
(1) The disturbed corridor must have similar morphology and vegetation cover to the 
undisturbed area before pipeline construction. This was evaluated using site 
photos included in the EIA Report; 
(2) A distinct path without the cover of trees must be available on the rehabilitated 
4 8 
slope for easy identification of the pipeline proper; 
(3) The area of the plot must be large enough (greater than 30 m X 30 m) for 
fieldwork to proceed. 
Owing to the inherent characteristics of the site, the five plots were delineated 
according to geology (volcanic versus granite or granodiorite) and slope gradient 
(gentle, medium and steep). Because of this, the plots may overlap in soil, altitude and 
vegetation type. The resultant combinations of the study plots are as follows: 
(1) Volcanic rock x steep slope (hereafter designated as VS); 
(2) Volcanic rock x medium slope (hereafter designated as VM); 
(3) Granodiorite x gentle slope (hereafter designated as GG); 
(4) Granodiorite x medium slope (hereafter designated as GM); and 
(5) Granite x steep slope (hereafter designated as GS). 
All the plots are underlain by red-yellow podzol. Because a gentle slope cannot 
be found for red-yellow podzol derived from volcanic rock, it was not included in this 
study. As the combination matrices are very complicated, it was not intended to cover 
all of them in this pioneer study. Instead, a broad classification like the above is 
considered sufficient to evaluate the importance of SIA in a development project of 
this nature. The characteristics of the five plots are summarized in Table 3.1. 
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Table 3.1 Summary of Plot Characteristics  
Plot Altitude Parent Rock Gradient Soil Type Aspect Vegetation Stoniness* Disturbances** 
VM320-340 m Volcanic 15° Red-yellow podzol E Monoculture 2"'' Class Motorbike 
(Ap Lei Chau woodland 
Formation) {Acacia confusa)  
VS300-320 m Volcanic 五 。 ~ Red-yellow podzol SE Monoculture Class Motorbike 
(Shing Mun woodland 
Formation) {Lophostemon 
confertiis)  
GG 440-460m Medium-grained 9° Red-yellow podzol NE Native shrubland Class Cattle 
granodiorite  
GM 440-460 m Fine-grained 16° Red-yellow podzol E Native woodland 4【卜 Class Cattle, 
granodiorite motorbike 
GS160-180 mFine-grained ^ R e d - y e l l o w podzol S E M i x e d planation 0'卜 Class Cattle 
granite {Acacia and 
Pinus spp.) 
*The classification of stoniness follows procedures recommended by Soil Survey Staff (1951). 
**Only disturbance after pipeline construction was shown 
Plot V S (Volcanic rock x steep slope) 
Among the five plots, V S is located closest to the starting point of the pipeline at 
the east, near the pigging station at Chuen Lung. It lies at an elevation of about 
300-320 m (Table 3.1), and is dominated by red-yellow podzol formed from the 
weathering of volcanic rocks belonging to the Shing M u n Formation. The plot sits on a 
southeast-facing convex slope with an average gradient of 22^. A cemented drainage is 
found on the site, which runs parallel to the pipeline. The plot falls into the 3「'丨 
stoniness class (Soil Survey Staff 1951). and angular to flat rock fragments are 
abundant at the lower slope. Rock outcrops can also be found on the southern side of 
the slope. The surface soil on the pipeline proper is yellowish in color, while those on 
the shoulder and surrounding undisturbed areas are yellowish-brown and dark, 
respectively. Severe soil erosion occurred on the slope resulting in the initiation of rills. 
Intermittent cracks found on the slope may have developed as a result of soil shrinkage 
after rehabilitation. The pipeline proper was bare when soil samples were taken. 
Although some grasses have re-established on the shoulder, the restored tree saplings 
grow poorly on this plot. The undisturbed area is covered by a monoculture plantation 
woodland dominated by the exotic species Lophostemon confertiis (Plate 3.1). 
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Motorbike treads are abundant although the site is closed to vehicles. 
Plot V M (Volcanic rock x medium slope) 
V M is located uphill and west of V S near Chuen Lung, with an elevation of 
320-340 m. It is covered by red-yellow podzol that develops on volcanic rocks of the 
Ap Lei Chau Formation. The plot lies on an east-facing convex slope with an average 
gradient of 15°. It is relatively exposed to strong winds in wintertime. The plot is 
dissected latitudinally by intermittent drainage channels, hence the maximum slope 
length is reduced to only 11m. The slope contains fewer but larger (7.5-25 cm) rock 
fragments and stones when compared to VS, hence belongs to stoniness class 2 (Soil 
Survey Staff 1951). The undisturbed soil is dark in color, while yellowish and brown 
soils are found on the pipeline proper and shoulder areas, respectively. Soil erosion is 
less severe than VS as only one rill is found on the plot. However, a thicker soil deposit 
is found at the lower slope, suggesting that soil creep is an active process on the plot. 
The restored slope is well covered by grasses, especially the shoulder area (Plate 3.2). 
The steep slopes surrounding the pipeline proper are covered by a young plantation of 
Acacia confusa that is exotic to Hong Kong. 
Another small hill covered by low shrubs joined the lower end of the pipeline 
proper (Plate 3.3). Motorbike treads are abundant on the plot. 
Plot G M (Granodiorite x gentle slope) 
G M is located near the bamboo grove west of the abandoned farmlands at Pak 
Shek Kill, at an altitude of 440-460 m. A nearby stream north of the site supplies water 
all the year round. Slope gradient averages and the red-yellow podzol is derived 
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from the weathering of fine-grained granodiorite. This east-facing, convex slope 
belongs to the stoniness class and approximately 25% of the plot is covered by 
angular rock fragments of 7.5-25 cm in diameter. The undisturbed soil exhibits a 
well-developed profile, with a distinctly dark black topsoil overlying the dark brown 
subsoil. However, this topsoil layer has disappeared on the pipeline proper and 
shoulder areas. A 1-m high wire fence was erected around this plot to keep off the feral 
cattle. Soil erosion is severe, resulting in abundant rills running longitudinally on the 
pipeline corridor. Soil debris washed off from the corridor accumulated at the lower 
part of the slope. Soil crusting reduces growth of the restored vegetation, which covers 
less than 20% of the surface area (Plate 3.4). The undisturbed area is covered by a 
native woodland of mixed species. Despite fencing, the area is patronized by feral 
cattle, as evidenced by the presence of fresh cow dung. Motorcycle treads are also 
abundant on the site. 
Plot G G (Granodiorite x gentle slope) 
G G is located near the end of Section 1 of the pipeline, northeast of Lin Fa Shan 
at an altitude of 440-460 m. Mining of wolframite occurred in the past (Davis 1964a). 
as indicated by the presence of abandoned tunnels on nearby hill slopes. The slope is 
underlain by red-yellow podzol, which develops on medium-grained granodiorite, 
with an average gradient of 9。. The pipeline corridor is relatively flat, with a 
northeasterly aspect. Rock fragments are abundant, some of which exceed 25 cm in 
diameter. The slope falls to the stoniness class. A rock substratum is encountered 
20-30 cm below the surface of the undisturbed area. Despite the shallow depth of the 
undisturbed soil, it is well aggregated and dark in colour. Soils on the pipeline proper 



















































































































whitish semi-weathered materials are found in the subsoil of the corridor and 
undisturbed area. The corridor is well covered by grasses, hence erosion is least severe 
among the five study plots. The adjacent undisturbed area supports a luxurious growth 
of native shrubs (Plate 3.5). Feral cattle patronize this section of the pipeline, leaving 
behind abundant cow dung. Herds made up of approximately one hundred cattle had 
been sighted during fieldwork. 
Plot GS (Granite x steep slope) 
GS is located near the end of Section 3 of the pipeline, west of Ching Fai Tong. 
The plot is 160-180 m about sea level, and is underlain by red-yellow podzol derived 
from the weathering of fine-grained granite. It is a convex slope, with an average 
gradient of 22° and facing southeast. Diversion channels are absent and slope length 
exceeds 30m (Plate 3.6). Unlike the other plots the surface is free of rock fragments, 
yielding a stoniness class of 0 (Soil Survey Staff 1951). Soils on the pipeline corridor 
are light brown in color, and horizons are absent. The undisturbed soil varies from 
light brown to dark color. The dark-colored layer can extend to a depth of 20 cm. Soil 
erosion is minimal and confined to shallow depressions, although subsistence had 
occurred in isolated area along the slope. The pipeline proper is partly covered by 
grasses while the shoulder is covered by a thin layer of litter produced by the restored 
trees. The adjacent undisturbed area supports growth of a plantation woodland 
























































































3.5.1 Experimental design 
The study involves three main parts, including (a) fieldwork, (b) laboratory 
analysis, and (c) a systematic review of the EIA Report. Data collected from fieldwork 
and laboratory analysis are used to evaluate what have been proposed in the EIA 
Report, and to make recommendations for its improvement in future. In particular, the 
role of SIA in a development project that involves linear disturbances will be critically 
examined. 
Each study plot consisted of the pipeline corridor and the adjacent undisturbed 
area. It was measured 30m (L) x 30m (W). The present pipeline corridor was actually 
part of the undisturbed area before commencement of the project. To facilitate 
sampling, each study plot was subdivided into three parts, namely the pipeline proper 
(P), pipeline shoulder (S). and adjacent undisturbed area (U) (e.g. Plate 3.3). With an 
average width of 1 m, the pipeline proper refers to the actual trench where the pipe was 
laid. The area situated at opposite sides of the pipeline proper, which was used as 
access road, workplace and storage area during construction, was defined as the 
shoulder area. It has an average width of 2-3 m on one side. The undisturbed area lies 
outside the pipeline shoulder and is relatively unaffected by construction. Because of 
this, the undisturbed area serves as the 'control" site of each particular study plot. This 
is necessary because of the retrospective approach adopted in the study. Soil data 
collected from the undisturbed area (or the control site) shall represent conditions of 
the soils unaffected by construction, which were nonetheless unavailable in the EIA 
Report. By comparing these results with those obtained from the pipeline proper and 
shoulder area, the nature and magnitude of the impacts can then be determined. 
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3.5.2 Fieldwork 
Fieldwork including site observation, measurement and sampling of soils for 
chemical analysis was undertaken from December 1998 to March 1999, which was the 
dry season in Hong Kong. The general site conditions of each plot including gradient, 
slope morphology, aspect, vegetation type, and nature of disturbances were recorded. 
Soil erosion on the pipeline corridor was noted to evaluate the stability of slope. 
Soils were collected following the stratified systematic sampling method, 
separately from the pipeline proper, shoulder and undisturbed area for each of the 
study plot (Crepin and Johnson 1993). Two kinds of samples were taken, namely 
disturbed and undisturbed samples. The undisturbed soil cores were collected for the 
determination of bulk density of the surface soils from P, S and U of each plot. The 
disturbed soil samples were collected for chemical analysis. 
For the determination of bulk density. 5 undisturbed soil cores were taken 
separately from R S and U of each plot, in accordance with procedures recommended 
by Blake (1965). Each of the cores measured 15 cm in length and 5 cm in diameter. 
Bulk density was determined because of anticipated change caused by compaction, 
soil mixing and erosion of the clay-size particles. 
Disturbed soil samples were taken systematically at 2-m intervals along the 
transect laid separately at the middle of P, S (one side) and U (one side), at depths of 
0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm and 40-50 cm. The survey covered a depth of 
50 cm because it was the rooting zone of most plants. There were 15 replicates for the 
two uppermost layers (i.e. 0-10 cm and 10-20 cm), and 5 for each of the other layers. A 
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different replication down the soil profile was necessitated by the constraints of time 
and manpower. In this regard, 45 samples were collected separately from P, S and U, 
and there were 135 samples per plot or 675 samples for the entire study. They were 
returned to the laboratory for chemical analysis. 
3.5.3 Laboratory analysis 
The two types of soil sample were treated separately in the laboratory. The 
undisturbed soil cores were used for the determination of bulk density. The disturbed 
samples were divided into two portions, one of which was air-dried at room 
temperature after removal of the root materials. They were then separately passed 
through the 2 m m and 0.25 m m sieves, respectively. The other portion was stored fresh 
at 4 ±1°C after passing through a 0.5 m m sieve. 
Bulk density 
For the determination of bulk density, the soil in the aluminum tube was 
removed and oven-dried to constant weight at 105°C. Bulk density of the soil was then 
estimated according to the following formula (Blake 1965): 
Bulk density (g / cnf) = Oven-dried soil weight (g) / Volume of ahnniniim tube (cm ) 
Soil pH 
Soil pH was measured by the glass electrode method using the Orion 
Expandable Ion Analyzer (Mclean 1982). 10 gram of 2 m m air dry soil was mixed 
with 25 ml distilled water (soil:water ratio of 1:2.5 w/v). The mixture was shaken for 
10 minutes and allowed to stand for 30 minutes before pH measurement. 
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Texture 
Soil texture was determined by the hydrometer method and the result was 
expressed as percentage of sand, silt and clay and textural class (Brady 1990). 
Classification of soil particles follows the system of International Society of Soil 
Science and the particle sizes of sand, silt, and clay are defined as 2.0-0.02 m m , 
0.02-0.002 m m and <0.002 m m , respectively. 
Total exchangeable acidity (Al + H) 
Total exchangeable acidity (TEA) in tropical soils is significantly related to 
plant nutrition. It was determined titrimeterically after extracting 10 gram of 0.25 m m 
air dry soil with 250 ml I M K C l (Barnhisel & Bertsch 1982). After filtration, 100 ml of 
the filtrate was separately placed in 2 conical flasks and boiled for 5 minutes to expel 
the CO2 About 1.2 ml of 3.5% sodium fluoride was added to one of the flasks to 
convert the exchangeable Al to A1F6. Both filtrates were then back titrated with 0.01 M 
sodium hydroxide to a pink endpoint. using phenolphthalein as indicator. TEA was 
obtained from the titration when only CO? had been expelled while exchangeable H 
was obtained after the suppression of Al by NaF. The difference would give the 
exchangeable Al value. 
Organic carbon 
Organic carbon (OC) is the major constituent of organic matter, which is closely 
related to water regime, structure and fertility of the soil. In pipeline construction, it 
can easily be washed away from the excavated soil together with the clay-size particles. 
It was determined by the Walkley-Black partial oxidation method (Nelson & Sommers 
1982). Potassium dichromate and concentrated sulfuric acid were used to oxidize the 
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organic carbon contained in 1 gram of 0.25 m m air dry soil. Distilled water was then 
added before titration with 0.5 vVFeSOJHiO to give the organic carbon content. Soil 
organic matter (SOM) content was calculated by multiplying the O C content with a 
factor of 1.724 (Chaney & Swift 1984). 
Total Kieldahl Nitrogen (TKN) 
Total Kjeldahl nitrogen is an essential macronutrient in plant nutrition, which is 
mainly derived from soil organic matter in unfertilized system. During pipeline 
construction, T K N can be reduced by enhanced oxidation activity of the 
microorganisms and erosion of the colloidal particles. It was determined by the 
Kjeldahl digestion method (Bremner & Mulvaney 1982) using 1 gram of 0.25 m m air 
dry soil. The soil was digested in 12 ml concentrated sulfuric acid and one Kjeltab 
catalyst tablet containing 3.5 gram K2SO4 and 0.4 gram C11SO4. to convert organic 
nitrogen to ammonia. Free ammonia was liberated from the digest by steam distillation 
in the presence of excess NaOH. T K N was then determined by back titrating the 
distillate with 0.01 M hydrochloric acid. 
Mineral nitrogen 
Mineral nitrogen (NH4-N and NO3-N) constitutes about 1% of the total organic 
pool in the local soils (Chau and Marafa 1999). They are mobile and easily leached, 
especially when the soil is disturbed as in pipeline construction. 10 grams of 0.5 m m 
fresh soil was extracted with 100 ml 2M KCl, and the content of NH4-N and NO3-N 
was determined colorimeterically at absorbance readings of 540 nm and 590 nm, 
respectively, in accordance with procedures recommended in the manufacturer's 
manual (Tecator 1984a. Tecator 1984b). 
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Total phosphorus 
Phosphorus is a macronutrient needed for plant growth, yet it usually forms 
complex with Al, Fe and M n in acid soils. It was also determined by using the Tecator 
FIAstar 5012 System. 3 grams of 0.25 m m air dry soil was digested in a 6.5 ml mixture 
of concentrated perchloric, sulfuric, and nitric acids at a ratio of 1:0.5:5. The 
molybdenum blue method was used for the determination of total P at the absorbance 
reading of 690 nm, following the procedures recommended in the manufacturer's 
manual (Tecator 1984c). 
Available phosphorus 
5 gram fresh 0.5 m m soil was extracted with ammonium lactate solution with 
adjusted pH value of 3.75 in accordance with procedures outlined in the 
manufacturer's manual (Tecator 1984c). Phosphorus was determined colorimetrically 
at the abosorbance reading of 690 nm. 
Exchangeable cations 
Exchangeable cations of sodium (Na), potassium (K). calcium (Ca). and 
magnesium (Mg) play a significant role in plant nutrition and in accounting for acidity 
of the soil. 5 grams of 2 m m air dry soil were extracted with 100 ml 1 M ammonium 
acetate at pH 7 and filtered through Whatman 44 filter paper. The cations of K, Na, Ca 
and M g were then determined spectrophotometrically. 
3.5.4 Data processing and statistical analysis 
Statistical analysis was performed using the SPSS (for Windows). The means 
and standard deviations were calculated. Differences between undisturbed soils from 
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various sites were tested by the Duncan's Multiple Range Test to evaluate the variation 
of soil condition along the pipeline. Differences between the pipeline proper, shoulder 
and undisturbed area for each study plot were also tested by the Duncan's Multiple 
Range Test to assess the statistical significance of soil impacts. Inter-layer difference 
was not tested, mainly because this has not be a theme of the present study. The 
significance level is set at p<0.05, unless otherwise stated. The percentage change of 
soil properties as a result of construction was calculated to reflect the severity of the 
impacts. 
3.5.5 EIA report review 
A comprehensive review of the EIA report was undertaken, with the prime 
objective to extract all the necessary information on soil. The review examined in great 
details the soil baseline, predicted soil impacts and proposed mitigation measures. It 
was more than a 'yes/no' approach because results obtained from this study would be 
used to evaluate what had been said about the soils in the EIA Report. This evaluation 






This chapter attempts to reconstruct the properties and characteristics of the 
soils before construction of the pipeline. The results obtained are then compared with 
what had been described in the EIA or EcIA documents, with the objective to 
improve the soil baseline. In fact, soil study is an integrated part of site analysis in 
EcIA because soil characteristics are inevitably interrelated with geology, relief, 
vegetation and disturbance. Soils also support growth of the restored vegetation, 
hence influence over-all success of the restoration programme. In this regard, the soil 
impact is particularly felt at the early growth stage of the vegetation. A 
comprehensive understanding of the soil characteristics enables us to predict 
accurately the impacts caused by disturbance and to formulate viable mitigation 
measures to counteract the problem. 
As aforesaid in Chapter 1, the pipeline traverses a countryside of different 
landforms, geology, soil types, aspect, vegetation and rainfall. Some degree of 
heterogeneity is expected in the soil properties and characterization. For instance, 
red-yellow podzol developed on granite is vastly different to krasnozem derived from 
volcanic rocks in texture, resistance to erosion and fertility. Will this be reflected in 
the baseline of the EIA, and what implications will these inherent differences have 
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on the mitigation measures? A systematic study of the undisturbed soils will 
provide answers to the following specific questions: 
(i) Do the soils vary along the pipeline corridor? 
(ii) Are the undisturbed soils favourable to plant growth? 
(iii) What kinds of additional information are needed in preparing the soil baseline 
of an EIA or EcIA? 
4.2 Results 
4.2.1 Texture 
The texture of the undisturbed soils varied from sandy loam to clay, being 
coarser for the granitic soils than the volcanic counterparts (Table 4.1). Soils derived 
from granite on gentle slope (GG) consisted of over 60% sand and less than 10% 
clay (see Appendix 4.1 for details of particle size distribution). The soils derived 
from volcanic rocks are dominated by clay loam except the two lowest layers of VS. 
where clay was the dominant fraction. Overall, the proportion of clay was higher in 
the lower layers than the upper layers. 
Table 4.1 Soil Texture of the Undisturbed Soils  
一 Site I V M I V S I GG I G M I GS 
~~0- 10 cm CL — CL SL SCL SCL 
~T0-20cm CL CL SL — CL — SCL 
- 30 cm CL CL 一 SL CL SCL 
" T o - 40 cm CL C SL CL SCL 
~7o - 50 cm I CL I C | SL | CL | SCL 
C: clay; CL: clay loam; SCL: sandy clay loam; SL: sandy loam. 
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4.2.2 Bulk density 
The bulk density of the top 15 cm soils varied from 1.16-1.40 g cm' (Table 
4.2). It was highest in G G while no significant difference was found for the other 
plots. 
Table 4.2 Bulk Density (g cm"^) of the Undisturbed Soils  
Site I V M I V S I GG I G M I GS  
0-15 cm 1.19。±0.08 1.17:4:0.05 1.40'±0.17 L16a±0.06 1.21“±0.18 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Mult ip le Range Test. Values attached after the means represent standard 
deviations. 
4.2.3 Soil acidity 
The undisturbed soils are strongly acidic in reaction (Table 4.3). Overall, the 
soils derived from granite and granodiorite are more acidic (pH 4.12-4.61) than the 
counterparts derived from volcanic rocks (pH 4.43-4.75). The impact of slope 
gradient on soil pH is more apparent in granite than in volcanic rocks. For instance, 
the granitic soils developed on gentle slope (GG) are less acidic than the counterparts 
(GM & GS) developed on medium and steep slopes, especially below 20 cm. A 
similar pattern was not found between the medium and steep slopes of the volcanic 
soils. A decline of pH with depths of the soils was more conspicuous in GS and G G 
while a reversed pattern was found for V M . 
Table 4.3 Soil pH of the Undisturbed Soils 
Site I V M I VS I GG I G M I GS  
0—10cm 4.52'± 0.26 4.75: 土 0.26 —4.6 广 士 0.24 4.31.±0.11— 4.45a.'士 0.25 
10-20 cm 4.43:'.'士 0.21 "Tjcf ± 0.20 —4_55、土 0.24 4.27':± 0.10 — 4.39:'.卜士 0.25 
20 - 30 cm 4.75^± 0.05 4,67: 土 0_09 一4.39“士 0.12 “ 4.18•.土 0.05 4.12“士 
30 - 40 cm 4.7r± 0.03 4.66: 土 0.03 一4.42? 士 0.11 4.21。土 0.04— 4.15“ 土 0.03 
40 - 50 cm 4.72: 土 0.04 4.65: 士 0.03 4.45，± 0.12 4.25“土 0.05 4.18。士 0.02 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
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4.2.4 Exchangeable acidity and aluminum 
Total exchangeable acidity (TEA) of the undisturbed soils ranged 7.08-12.02 
cmol kg-i (Table 4.4a). It was lowest in the G S soil especially below 10 cm. Overall, 
higher values were recorded for the upper soil layers than the lower counterparts 
although the difference among the 10-20 cm, 20-30 cm and 30-40 cm layers was 
minimal. The granitic soils developed on steep slope (GS) yielded lower T E A than 
the medium and gentle slopes (GG & GM), yet the same trend was not found in the 
volcanic soils. 
Exchangeable aluminum (5.70-10.41 cmol kg"') predominated over 
exchangeable H (1.08-3.02 cmol kg'') in all the undisturbed soils (Tables 4.4b & c). 
Because of this, the pattern of exchangeable Al followed closely that of TEA, and 
was lowest in GS. A decrease of exchangeable Al with depths was only found in G M . 
Aside from this there were no distinct patterns of distribution for Al and H between 
rock types, gradients and soil depth. 
Table 4.4a Total Exchangeable Acidity (cmol kg"' ) of the Undisturbed Soils 
Site I V M I VS I GG I G M I GS  
0 - 10 cm 11.16" 土 0.79 8.10. 士 1.79 . 土 3.20 —12.02. 土 1.45 8.19 ±0.32 
10 - 20 cm 11.35、± 0.63 10.32。土 1.67 lo.6r 土 3.16 11.50、± 0.94 “ 7.39: 士 0.42 _ 
20 - 30 cm 1().35、土 0.87 10.14「土 0.90 了 1.3丨、士 1.60 ~10.66' 土 0.96 7.08. 土 0.28 
30 - 40 cm 9.8 广士 0.41 "1^18，± 0.46 11.43、土 1.38 —10.14。土 0.95 7.11.±().33 
40 - 50 cm 8.5〔乂 土 0.41 9.6r 土 0.66 10.84: 士 0.77 9.4广±1.〔巧 7.16: 士 0.32 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
Table 4.4b Exchangeable Al (cmol kg"') of the Undisturbed Soils  
Site I V M I VS GG I G M I GS 
0- 10 cm 9.76" = 0.67 土 1.58 "1.82 =3.56 10.41、1.34 6.05: 士 0.69 
10-20 cm 10.01. ±0.65 …，±1.82 士 4.32 —lO.n—± 0.82 6.15'土 0.39 
20 - 30 cm 9.18'二 0.88 i s f 士 0.81 ~9.44^ ^  1.19 ~8.83'= 1.49 _ 5.70 ± 0.58 
30 - 40 cm ± 0.38 ^99" ^  0.56 ~9.68'^  1.20 —8.44. ^ 0.61 5.96. 士 0.33 
40 - 50 cm 7.5(丫 = 0.26 8.43" ^  0.67 S.32'二 1.15 8.29—二 0.97 5.79 ± 0.29 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
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Table 4.4c Exchangeable H (cmol kg"^ ) of the Undisturbed Soils  
Site I V M I VS 1 GG I G M I GS 
0 — 1 0 cm 1 . 4 0 a ± 0 . 1 7 1 . 2 3 " 士 0 . 2 1 3 . 0 2 卜 ± 1 . 7 9 1 . 6 ； ^ ± 0 . 1 2 2 . 1 4 “ " ± 0 . 5 1 
10-20 cm 1.34a 士 0,15 1.45a ±0.21 2.55'± 1.38 1.38^  ±0.13 1.23^  ±0.10 
2 0 - 3 Q c ^ 1.16a ±〇.03 1.29a 士 0.11 1.89'士 0.50 1.83'± 0.58 1.38"6±0.34  
3 Q - 4 0 " ^ 1.14"±0.10 U9a±0.17 1 . 7 5 ' ± 0 . 3 7 1.71'±0.38 1.15^ ±0.12 
40-50 cm 1.08^  ±0.18 1.18° ±0.13 2.5” ±0.88 U T 土 0.11 1.37“ 士 0.33  
For each row, values sharing the same letter are not significantly different at p < 0 . 0 5 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
4.2.5 Soil organic matter (SOM) 
Considerable variations in S O M were found for the undisturbed soils, ranging 
from 0.990/0 to 8.23% (Table 4.5). The granitic soils developed on medium slope 
(GM) yielded a S O M content of 2.32-8.23%, which was significantly higher than 
other plots. While S O M tended to decrease with depth of the soils, the difference for 
each of the layers between V M , VS, G G and GS was insignificant. 
Table 4.5 S O M Content (%) of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS  
0 - 1 0 cm 5.06:'士 1.06 4 . 8 『 ± 0.83 4.89〔'士 1.74 1.45 "T69^'±Q.89 
10-20 cm 3.07“.卜土 0.93 3.10".'、土 0.74 3.72卜 ±1.35 "Z^ O、. 土 1.18 •'士 0.85 
20 - 30 cm 2.32。土 0.32 2.28“±0.80 卜士 1.07 3.44” 土 0.53 2.18^ '± 0.60 “ 
30 - 40 cm 1.3y 士 0.31 1.72“•卜 士 0.35 2.14“.-土 0.54 2.57、'±0.60 
40 - 50 cm l.ir±0.29 1.56。土 0.54 土 0.59 1：32"_卜 ± 0.99 0.99:‘士 0.20 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
4.2.6 Total and mineral nitrogen 
Total Kjeldahl nitrogen (TKN) of the soils followed closely the pattern of S O M 
(Table 4.6a). In general the granitic soils developed on gentle and medium slopes 
contained more T K N (0.10-0.34%) than the other soils (0.05-0.19%). In this regard, 
soils developed on medium slope also yielded a higher T K N content than the 
counterparts on gentle and steep slopes, irrespective of difference in geology. T K N 
tended to decrease with depth for all the soils although a more abrupt change was 
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found for the upper layers than the lower layers. 
Ammonium nitrogen (NH4-N) predominated over nitrate nitrogen (NO3-N) in 
the soils. With few exceptions, NH4-N decreased in the order of GG, G M > V M , VS, 
GS (Table 4.6b). In other words, the difference in NH4-N was more pronounced for 
the granitic soils than the volcanic counterparts. Although G M yielded a significantly 
higher S O M and T K N content than GG, the reverse was found for NH4-N although 
the difference was not statistically significant. There was a progressive decline of 
NH4-N with depth of the soils. For instance, NH4-N decreased from 61 m g kg"^  in the 
0-10 cm layer to 14.86 m g kg—】 in the 40-50 cm layer of GG. 
Table 4.6a T K N Content (%) of the Undisturbed Soils  
Site I V M I V S I GG I G M I GS  
0 - 10 cm 0.19'± 0.04 0.14:'± 0.03 0.26: 士 0.08 0.34」±0.06 
10-20 cm 0.12、'± 0.04 0.10:'士 0.02 0.19'± 0.07 0.21 卜士 0.05 0.12“土 0.03 
20 - 30 cm 0.09:'±0.01 0.08^ '± 0.02 0.14" 土 0.04 0.16'^  ±0.02 ~^Q '±Q.Q2 
30 - 40 cm 0.06:'± 0.00 0.06、土 0.01 0.1 r 士 0.02 ~qT2'^ ± Q.Q2 0.07:'土 0.02 
40 - 50 cm 0.05 '±0.01 0.06“士 0.01 0.10卜土 0.03 0.12卜土 0.03 0.05“土 0.01 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Mul t ip le Range Test. Values attached after the means represent standard 
deviations. 
Table 4.6b NH4-N Content (mg kg'') of the Undisturbed Soils 
Site I VM I VS I GG I GM I GS  
0- 10 cm 26.55::± 6.57 23.37“士 6.07 "^ .(XT 土 28.12 ]7.57'，土 14.97 16.95: 土 4.45 
10-20 cm 18.78" 士 11.38 1^82' ± 4.99 37.60“土 18.23 ]5.07、土 11.91 10.97 土 4.30 
20 - 30 cm 14.80: 土 2.83 11.37. 士 5.02 H.lT ± 12.09 ~30.12 ±3.27 “ 6.41'± 1.87 
30 - 40 cm lO.ir 土 3.27 9.06: 士 2.28 20.63'土 11.08 17.26。“土 5.32 4.17• 士 0.74 “ 
4 0 - 5 0 c m I 9.52:.、土 1.91 8.19.'土 2 .34 | 14.86，“土 6 . 3 3 | 1 7 . 8 — 7 . 8 4 | 3.45• 土 0 . 7 7 
For each row. values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Mult ip le Range Test. Values attached after the means represent standard 
deviations. 
Nitrate nitrogen did not vary among the soils in V M , VS. G M and GG, ranging 
from 0.14-2.25 mg kg"'. However, significantly higher concentrations of nitrate 
(4.65-18.46 mg kg'') were recorded for the granitic soils developed on gentle slope. 
Unlike NH4-N. the decline of NO;-N w ith depth is inconspicuous except G G and GS. 
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Table 4.6c NO3-N Content (mg kg"') of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS 
Q - l Q c ~ 1.32" 士 0 . 7 5 0.67" ± 0 . 2 3 1 8 . 4 6 '士 3 2 . 0 1 1.04" 士 1.28 1.08" ± 0 . 5 4 
1 0 - 2 0 ^ 2.14 '^± 0.75 0.96" ± 0.36 5.90'±4.41 0.54^ ± 0.38 0.68" ± 0.40 
20 - 30 cm 0.72a 士 0.91 0.75" 士 o.21 5.44'± 4.86 0.35a ± 0.24 ^ ± 0.30 
30 —40 ‘ 1.9ia± 0.54 0.95"± 0.32 5.11'土 3.11 0.64。士 0.26 0.18。土 0.22 
40 - 50 cm 2.25'± 0.52 0.55" ± 0.35 ± 2.52 0.75^ "' ± 0.39 0.14" ±0.18 
For each row, values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Mult iple Range Test. Values attached after the means represent standard 
deviations. 
4.2.7 Total and available phosphorus 
In general, the soils of G G (193.82-236.04 m g kg"') and G M (135.7-197.93 m g 
kg-i) contained significantly more total phosphorus than the other soils (24.14-71.38 
m g kg-1). Total phosphorus also decreased with depth of the soils (Table 4.7a). 
Table 4 7a Total Phosphorus Content (mg kg"') of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS  
0-10 c m ~ ~ 47.63'' 士 10.81 71.38' 土 2.33 236.04' 士 22.50 197.93。士 24.96 “ 36.59〔‘ 士 5.43 
10 - 20 cnT" 33.40:' ± 13.02 49.95:' ± 10.50 202.84。± 31.08 158.74^ ± 10.52 _ 30.59‘' 土 4.15 
2 0 - 3 0 c r T " 32.03^'± 5 . 0 9 37.80“ 士 4 . 4 2 1 9 3 . 8 2 : ± 2 6 . 9 6 135.70卜 士 1 2 . 1 4 — 30.79:'士 2. 9 9 — 
30 - 40 cm 24.14:'士 4.10 35.71:'土 4.40 "797.51: 士 23.79 140.66'士 6.8^ 27.12。土 4.50 
40 - 50 cm 24.68“士 6.32 34.16:'士 3.43 | 214.20: 士 18.57 | 148.70'士 11.30 | 25.27 ±2.11 
For each row, values sharing the same letter are not significantly different at p<0.05 level by 
Duncan's Multiple Range Test. Values attached after the means represent standard deviations. 
The soils contained low appreciable amount of available phosphorus, ranging 
from 0-5.16 m g kg"' (Table 4.7b). Again, the granitic soils especially G G and G M 
yielded significantly higher values (1.45-5.16 m g kg'') than the volcanic soils (0-2.70 
m g kg"'). There was also a decrease of the nutrient with depth of the soils, and 
differences among the plots for the 30-40 cm and 40-50 cm layers were statistically 
insignificant. 
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Table 4.7b Available Phosphorus Content (mg kg"') of the Undisturbed Soils 
Site I V M I VS I GG I G M I GS 
0—10 cm 2.62^ ± 1.20 2.18a 土 1.Z7 士 士 2.70^ ±0.87 
10-20 c i ^ 1.74工b 士 o"；^ 2.34a’b± 1.76 4.22i'± 3.79 3.05'’〔 士 2.19 1.31" 士 0.82 
20 - 30 cm 1.12b-c 士 0.18 0.82'士 0.25 1.93。±1.10 ~1.98。±0.55 —O.Oy 土 0.03 
30 - 40 cm 1.8r±1.62 1. IT 士 0.59 1.5r 土 0.45 ± 0.59 —0.79。±1.09 
40 - 50 cm 0.72'’b±0.47 2.22'±2.18 1.90'± 1.14 1.69'±0.26 士 0.00 
For each row, values sharing the same letter are not significantly different at p<0.05 level by 
Duncan's Mult iple Range Test. Values attached after the means represent standard deviations. 
4.2.8 Exchangeable cations 
The undisturbed soils contained low levels of exchangeable cations, which 
decreased in the order of Ca〉Mg〉K>Na (Tables 4.8a,b,c & d). With few exceptions, 
exchangeable cations decreased by 3- to 8-fold with depth of the soils. The soils 
derived from granite, G G and G M in particular, accumulated more K and Na than the 
other soils, while greater quantity of Ca and M g was also found from G G soils. The 
impact of gradient on exchangeable cations is more pronounced for granite than 
volcanic rocks. The gentler the gradient, the higher will be the concentration of the 
cations. 
Exchangeable K amounted to 0.50 cmol kg"' in the 0-10cm layer of GG. being 
followed by G M (0.23 cmol kg"'). VS and V M (0.14 cmol kg"') and GS (0.06 cmol 
kg"'). The corresponding values decreased progressively to 0.11 cmol kg"'. 0.03 cmol 
kg"' and 0.02 cmol kg"' for the 40-50 cm layer. 
Table 4.8a Exchangeable K (cmol kg"') of the Undisturbed Soils  
Site I VM I VS I GG I GM I GS  
0 - 1 0 cm 0 . 1 4 ± 0 . 1 2 ~CU4-" ：^  0 . 0 5 一 0 . 5 0 ' 士 0 . 3 4 — 0.23. 士 0 . 2 0 “ 0 . 0 6 土 0.01 
10-20 cm 0.09” 土 0.1 丨 0.06士 0.02 0.18'二 0.07 ~009 = 0.04 0.03 ± 0.02 
2 0 - 3 0 c m O.O.v ^ O . O l 一 0 . 0 4 — 土 0.01 0.14'士 0 . 0 6 0.07—土 0 . 0 3 0 . 0 2 . ± 0 . 0 1 
3 0 - 4 0 c m 0 . 0 3 " ± 0 . 0 1 . 二 0.01 1 . 1 2 - 二 0 . 0 6 _ 0.06—二 0. 0 2 0.02。二 0 . 0 0 一 
4 0 - 5 0 c m 0 . 0 3 .、二 0 . 0 0 0 . 0 3 .— 二 0.01 0 . 1 1 =： 0 . 0 5 0 . 0 7 二 0 . 0 2 0 . 0 2 土 0 . 0 0  
For each row. values sharing the same letter are not significantly different at p < 0.05 level 
by Duncan's Multiple Range Test. Values attached after the means represent standard 
deviations. 
— u 
The content of exchangeable Na was lowest amongst the cations, averaging 
0.02-0.11 cmol kg-i (Table 8b). Intra-layer difference was not as pronounced as 
exchangeable K, Ca and Mg. For instance, it ranged 0.02-0.04 cmol kg"^  for the 
different layers of V M compared to 0.07-0.27 cmol kg] for Ca in the same plot. 
Table 4.8b Exchangeable Na (cmol kg"^ ) of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS — 
0 — 1 0 cm 0 . 0 4 a ± 0 . 0 2 0 . 0 y ± 0 . 0 2 0 . 1 ” ± 0 . 0 3 "5709".。± 0 . 0 5 一0.07“." 士 0 . 0 4 
10-20 cm 0.03a ±0.01 o.05ab± 0.02 0.0/士 0.03 0.09。±0.05 Q.OT ± 0.02 
20 - 30 cm 0.03a 士 0.02 q 士 0.02 0.0/ ± 0.01 ~ a i r ± 0.03 "5.06"' ± 0.03 
30-40 cm O.Oy 土 0.02 0.06" ± 0.03 0.08" 土 0.02 0.09".。士 0.04 一0.08'士 0.03 
40 - 50 cm 0.0y±0.02 0.09。± 0.03 0.1 r ± 0.02 0.08".。士 0.02 
For each row, values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan's Mult iple Range Test. Values attached after the means represent standard deviations. 
The content of exchangeable Ca was highest in G G for all the layers (0.38-1.65 
cmol kg"'). The top 10 cm layer of VS yielded a value of 0.74 cmol kg"' which was 
significantly higher than that of G M and V M (0.27 cmol kg'') and GS (0.26 cmol kg" 
1). There were no significant differences in exchangeable Ca between VS. V M， G M 
and GS for layers below 10 cm. 
Table 4.8c Exchangeable Ca (cmol kg"') of the Undisturbed Soils  
Site I VM I VS 「 GG I GM I GS  
0—10cm 0.27'± 0.10 0.74卜 ± 0.38 ? 士 1.25 _ 0.27'土 0.20 _ 0.26: 士 0.12— 
10 - 20 0.07:: 土 0.08 0.2(r± 0.20 土 0.05 O.Oy 土 0.03 
20 - 30 cm 0.02“ 士 0.05 “ 土 0.09 1.39’ ±0.14 “ 0.09.. 士 0.07 0.02.: 土 0.02 
30 - 40 cm 0.02“土 0.03 “土 0.05 ~0.41'±0.19 _ 0.08: ± 0.03 0.07。± 0.06 
40 - 50 cm 0.07“士 0.04 0.07」± 0.04 0.38'±0.21 0.17'± 0.06 0.12: 土 0.03 
For each row. values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan's Multiple Range Test. Values attached after the means represent standard deviations. 
The pattern of exchangeable M g was similar to that of Ca. being higher in G G 
(0.14-0.72 cmol kg"') than the other soils (0.03-0.27 cmol kg') (Table 4.8d). There 
was a 3- to 8-fold decrease of the element with depth. 
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Table 4.8d Exchangeable M g (cmol kg"^ ) of the Undisturbed Soils  
Site V M I VS I GG I G M I GS 
0-10 cm 0.ir±0.0^ 0.25a ±0.07 0.72" 士 0.4〇 0.27 ±0.10 0.24^  ± 0.05 
10-20 c i i T " 0.09a 0.09a 士 0.06 0.42b ±0.40 o . i y±0.03 0.08^ ± 0 . 0 3 
20 - 30 0.06"b±0.01 0.06a，b 士 0.04 0.16。土 0.08 — 0 . 0 4 “ ± 0 . 0 1 
30-40 cm 0.04a ±0.01 Q.Oy 士 0.02 0.16'±0.09 0.08^ ± 0.02 0.07 ±0.01 
4 0-50 cm 0.0y±0.00 0.05" 士 0.01 0.14b ±0.09 0 09^ -^  ± p Q4 0.0y±0.00 
For each row, values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan's Mult iple Range Test. Values attached after the means represent standard deviations. 
4.2.9 Effective cation exchange capacity (ECEC), base saturation (BS) and 
aluminum saturation 
Effective cation exchange capacity represented the sum of exchangeable K, 
Na, Ca, M g and exchangeable acidity, and the results are summarized in Table 4.9a. 
It was lowest in the GS soils (7.21-8.80 cmol kg and highest in the G G (10.55-
12.19 cmol kg'') and G M soils (9.85-13.04 cmol kg"l). In general E C E C decreased 
with depth of the soils except G G where the values were slightly higher in the 20-30 
cm and 30-40 cm layers. 
Table 4.9a ECEC (cmol kg'') of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS  
0 - 10 cm 11.70'" ± 0.84 9.59“ 土 1.25 ± 2.76 13.04' ± 1.24 — 8.80:' 士 0.33 
10-20 cm 11.55'土 0.68 10.91'土 1.41 11.6Q" 土 3.39 ""11.96'，± 0.85 7.58.'土 0.42 
20 - 30 cm 10.51 卜土 0.93 10.53'± 0.94 12.09^  ± 1.70 11.03"^  ±0.92 ~7.21'±0.27 
3 0 - 4 0 9.9广 土 0.3 7 10.36、土 0 . 4 7 12.19、土 1.28 10.44卜土 0.95 7.31" 土 0 . 3 6 
40 - 50 cm 8.75。士 0.44 9.82‘士 0.65 11.57。土 0.67 9.87 士 1.12 7.41..土 0.34 
For each row, values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan,s Multiple Range Test. Values attached after the means represent standard deviations. 
The granitic soils developed on gentle slope (GG) yielded a base saturation of 
6.33-28.28%, which was highest among the sites (Table 4.9b). The lowest base 
saturation was recorded for soils of V M (1.05-4.65%) and GS (1.83-6.97%). 
Although base saturation decreased with depth, a slight increase was detected in the 
40-50 cm soil lavers of G M and GS. 
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Table 4.9b Base Saturation (%) of the Undisturbed Soils  
Site I V M I VS I GG I G M I GS 
0—10 c m 一 4.65"士 16.47 ± 9.74 28.28"± 15.01 8.00" 士 4.09 6.97“±2.39 
10 - 20 cm 1.68" 士 0 . " ^ 5.82^" 士 4.35 8.67。士 1.56 3.94:'’" 士 1.30 2.62^ 士 2.27 
20 - 30 c n T " 3.62:让 ± 5.05 6.32'土 1.70 1.87±0.81 
30-40 cm 1.05^ 士 0.45 1.7；^± 0.70 6.35"±2.41 2.9(^± 1.00 2.77 士 1.16 
40-50 cm 1.82。士 0.67 2.14" 士 0.82 6.33。± 2.58 4.42b ± 1.17 3.30"卜 土 0.53  
For each row, values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan's Mult iple Range Test. Values attached after the means represent standard deviations. 
Aluminum saturation referred to the proportion of Al in total effective cation 
exchangeable capacity. The lowest Al saturation coincided with the top 10 cm layer 
of G G (42.7%) while rest of the soils yielded values in the range of 64.3-87.4%. 
Soils derived from granite recorded lower Al saturation than the counterparts derived 
from volcanic rocks. A slight increase of Al saturation with depth occurred in most 
of the soils. 
Table 4.9c Aluminum Saturation (%) of the Undisturbed Soils  
‘Site I V M I VS I GG I G M I GS  
0—10 cm 83.4"± 1.5 70卞±9.2 了士 27.1 _ 79.7'±4.3 “ 68.6卜士 5.8— 
1 0 - 2 0 c m 86.7'，± 1.6 80.5'士 7.9 64.3“士 24.9 84.5'、土 1.0 —81.广土 1.2 
20 - 30 cm 87.4'，± 1.0 84.2“.' ± 4.4 78.2:' ± 3.4 19S 土 7.5 —78.9:' ±5.8 
30 - 40 cm 87.4'±1.1 86卞士 2.2 79.4。士 3.5 “ 80.9:: 土 2.0 81.6。土 2.4— 
40 - 50 cm 85.9: ± 1.8 85.8'士 2.1 71.9“士 8.4 84.r± 1.3 78.3" ±3.7 
For each row, values sharing the same letter are not significantly different at p < 0.05 level by 
Duncan's Multiple Range Test. Values attached after the means represent standard deviations. 
Table 4.10 C/N Ratio of the Undisturbed Soils  
Site I V M I VS I GG I GM I GS  
Q - 10 c m 15.6" ± 0.9 20.5: 士 4.9 一 10了士 0.8 “ 14.1 卜士 0.8 _ 14.4卜土 1.2一 
1 0 - 2 0 c m 14.9: ± 1 . 6 18.3'土 1.3 1 1 . 4 i ' ± 1 . 0 13.0卜 ± 0 . 7 一 12.9卜土 1.1 
20 - 30 cm 15.2'土 0.8 ~~[^ .9: 土 1.7 —11.8:'±0.8 _ 12.7“士 0.8 “ 12.7:'土 1.3 
30-40 cm liy 士 11 土 0.8 1.1 “ 110" 士 0.7 _ l i r ± U 
40- 50 cm 12.r'± 1.8 15.4'± 1.5 10.4“士 0.5 ll.r'± 1.5 11.8^ '±0.7 
For each row, values sharing the same letter are not significantly different at p<0.05 level by 
Duncan's Multiple Range Test. Values attached after the means represent standard deviations. 
4.2.10 C/N ratio 
The C/N ratio of the soils varied considerably, averaging 10.4-20.5 (Table 4.10). 
I ’ 
It tended to decline with depth of the soils, except for GG. For instance, it decreased 
progressively from 20.5 in the 0-10 cm layer to 15.4 in the 40-50 cm layer in VS. 
Wider C/N ratios were found for soils derived from volcanic rocks than from granite. 
4.3 Discussion 
4.3.1 Acidity problem 
The undisturbed soils found along the pipeline corridor are strongly acid to 
extremely acid in reaction (Henry & Body 1997). In this regard, soils derived from 
granite and granodiorite are more acidic than the counterparts derived from volcanic 
rocks. This is expected because granite contains a higher proportion of the siliceous 
materials and fewer bases than the volcanic rocks (Chau & Lo 1980). Under these 
conditions, the problems of aluminum and hydrogen toxicity as well as nutrient 
deficiencies would occur (Landon 1991). Indeed, the soils are characterized by high 
TEA, in which aluminum predominates over hydrogen. Hydrogen toxicity can 
interfere nutrient absorption of plants, whereas aluminum toxicity will restrict root 
growth and induce drought problem in soils with pH 5 or below (Foy 1984; Foy 
1993). The problem can be alleviated if base elements are abundant in the soils. This 
occurred in VS and G G where aluminum activity in the top 10 cm soils had been 
suppressed by a higher calcium content. The difference in calcium level partly 
explained why soils in V S and G G recorded lower T E A than the counterparts of V M , 
G M and GS. As the soils contained low levels of cations, they remain strongly acidic 
in reaction. This property needs to be addressed in the restoration programme 
otherwise growth of the restored vegetation will be adversely affected. In particular, 
guidelines are required for the use of lime to neutralize the soils before planting. In 
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this connection it is necessary to know the reserve acidity (TEA) and cation 
exchange capacity of the soils. Unfortunately, such information is lacking in the EIA. 
4.3.2 Soil texture and bulk density 
The soils derived from granite and granodiorite are coarser in texture than 
those derived from volcanic rocks, primarily due to differential grain size in their 
parent materials (Grant I960). Overall, granitic materials are coarser than volcanic 
materials as the former cooled down and crystallized slowly under a high 
temperature environment. The soils developed on G G also contained a substantial 
amount of semi-weathered materials that were either associated with granite 
intrusion or the dumping of mine wastes in the past. Leaching potential is usually 
higher in coarse-textured soils than fine-textured soils, especially where the slope is 
steep. 
Bulk density of the surface soil fell within the expected range of 1.1 -1.4 g cm'\ 
which is typical Ibr the tropical soils (Land on 1991). A higher \ aliic of 1.4 g cm —、 
was obtained for I he soils in G G due to the presence of rock fragments and 
incomplete weathering of the minerals. This agreed rcasonabl\ well with the llnding 
by llillcl (199cS) thai coarser soils used to ha\c higher bulk densities than fine-
grained soils. On the other hand, granitic soils developed on medium and sleep 
slopes yielded similar hulk densities compared to ihc volcanic counterparts. Located 
on medium to sleep slopes, these soils ma\ be less alTcctcd by rccrealionisls and 
villagers. This resulied in less compaction and lower bulk densities. 
In pipeline construction, vegetation removal not only disrupts the nutrient cycle 
but also destabilizes the soil. Removal of clay-size particles from the excavated 
materials will result in a coarsening effect of the soil. Bulk density will also be 
altered. This problem is expected to be more acute in the granitic soils than the 
volcanic counterparts because of their textural difference. 
4.3.3 Soil organic matter and nitrogen 
Organic matter is an important constituent of soils: it is a storehouse of 
nitrogen, phosphorus and sulfur. It has a great affinity to water and plays an 
important role in soil aggregation and nutrient adsorption (Kalpage 1974: Young 
1976 ~ Stevenson 1986; Tisdale et of. 1993). Furthermore. SOM competes with 
adsorption sites on soil colloidal surface in the fi xation of aluminull1 ions (Wong & 
Svvift 1995) which reduces Al toxicity in the so il s (Kervcn et (If. 1995: Vctterl ein & 
Huttl 1999) . Because of thi s. the success or restorati on is partly dctcrIllincd by the 
an10unt or organic n1 atter present in thc di sturhed so il s (~I (lil 19(9 ). Il o\\"c\"cr. n)ost 
trupieal so il s contain only 1<.)\\" le\"cl or S() r-vI ((ireL'nbnd e/ uf" 1 () () ~ ). ~ l\ " er ( l g ing ~-.5(Yrl 
(Kalpagc 197-L Sanchel. &: Logan 1( 92) " ( irant ( I () 6()) also n1aintdined th (lt the 
opt i n1 a I le \. e I 0 r s ( ) j'v I i nth e I 0 c a I e n \ " i r () n n 1 L' n t s h () 1I1 cl I, e () \ " e r .5 (X l" I nth e p res e n t 
study. S(Hvl a\\~ r ~ l g ed -+'69-X. 2~% (0 -1 () en1 ) (me! 2. 79 --+ .r) () (! ~ l ( 10-20 en) ). Thi s 
clearly Shl)\\"S th at ol1ly the top 10 Cll1 so ils co nt ain dlk-quate an1 () Unt or organic 
Inatter. \\"hi ch is cO ll1para hk to lire-al l ee ted si tes (~)~9 - 7"() -+ (}/n) and I Ullg Sh lfi \voods 
(S .O-7. -S Oo ) in other [J3rt : of Ilong Kong (Chau &: \l ar{lI ~1 1 C)C)C): \I ara jJ & C hall 
19(9). 
Nitrogen is a macronutrient needed for plant growth, and is limiting in most 
tropical soils. In natural system, T K N is determined by the quantity and quality of 
S O M . The undisturbed soils contained 0.14-0.34% (0-10 cm) and 0.10-0.21% (10-20 
cm) TKN, which exceeded the average level for tropical soils (Sanchez & Logan 
1992) but were comparable to local woodland and fire-disturbed soils (Chau & 
Marafa 1999; Marafa & Chau 1999). It is nonetheless deficient in the undisturbed 
soils because the acceptable optimal level is 0.2 to 0.5% (Landon 1991). T K N not 
only decreases progressively with depth of the soils but also with steepness of the 
gradient. 
Plants absorb NH4-N and NO3-N. which are products of organic matter 
breakdown. These nutrients are mobile and vulnerable to leaching loss, accounting 
for less than 1% of the total organic pool in the local soils (Marafa 1997). Because of 
this, the concentrations of NH4-N and NO3-N were extremely low in the undisturbed 
soils. 
The C/N ratio reflects the quality of S O M and a ratio around 10 promotes 
normal microbial activity and humus decomposition (Kalpage 1974; Young 1976). 
Mineralization of organic matter ceases when C/N ratio reaches 25 (Wild 1989), but 
tree growth may not be limited until C/N ratio exceeds 35. However, nitrification can 
be inhibited when the C/N ratio reaches 12 or over (Young 1976). In the present 
study, the C/N ratio of the soils averaged 10.4-20.5 and majority of them was above 
12. Kauffman et al. (1998) found that nitrogen deficiency occurred when soil C/N 
ratio reached 12-14. 
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Therefore, the soils found along the pipeline corridor contained low lo 
adequate levels of organic matter, but were deficient in T K N and mineral nitrogen. 
The situation is expected to deteriorate with disturbance of the soils. As aforesaid, 
the removal of clay-size particles from the excavated soils will trigger off a series of 
changes including a reduction of S O M , T K N and mineral nitrogen. The magnitude of 
these possible changes was, however, not predicted in the EIA let alone separate 
mitigation measures to combat the problem. The actual soil impacts would be 
examined in Chapter 5. 
4.3.4 Soil phosphorus 
Phosphorus is essential for the root growth of plant, but is always deficient in 
the humid tropics (Young 1976). Because S O M is the storehouse of available 
phosphorus, the element is concentrated in the uppermost layer of the soil. For 
instance, the top 10 cm soil in G G yielded a value of 5.16 m g kg"' which was the 
highest among the soils. Despite this, the soils suffer from a critical deficiency of 
phosphorus when compared with the critical level of 20 m g kg"' suggested by 
Landon (1991). The low phosphate level was probably caused by strong acidity of 
the soil because complexes of AIPO4 and FePOj are formed when pH falls below 5.5 
(Tisdale et al. 1993; Henry & Boyd 1997). However, little variation of total 
phosphorus was observed down the profile because its major source was the parent 
materials. 
4.3.5 Exchangeable cations, ECEC, BS and aluminum saturation 
Red-yellow podzol found in the site belongs to the order of Ultisols (Mohr et 
ctl 1974), and it is characterized by low CEC as a result of the dominance of low 
, 78 
activity clay (Henry & Boyd 1997). Combined with the high mobility nature of 
exchangeable cations, particularly potassium and sodium, the deficiency of cation 
nutrients in the undisturbed soils is readily expected. Compared to the threshold 
levels suggested by Landon (1991), base saturation percentage of the soils (1.05-
28.28%) was extremely low and the ECEC was dominated by aluminum ion. The 
causes of this problem include siliceous nature of the parent materials, intensive 
weathering, leaching loss (Grant 1960; Chau & Lo 1980), periodic fires, and 
deforestation (Marafa 1997). Overall, the findings were comparable to fire-disturbed 
and woodland soils in other parts of Hong Kong (Chau & Marafa 1999; Marafa & 
Chau 1999), suggesting that this is a prevalent problem in the local environment. 
Because the exchange sites are dominated by aluminum ions, base elements are 
present in limited amount as in many other tropical soils. Aluminum saturation in the 
soils could be toxic to root growth of the plant as it has exceeded the threshold level 
of 60% (Henry & Boyd 1997). As a corollarw exchangeable K. Ca. M g and to some 
extent Na arc likely lo be limiting lo plant growth along the pipeline. The slight 
increase of BS down the profile ma\ be induccd hy Icaching or weathering of ihc 
parent materials. 
The dcficicncN of base elements in ihc Lindislurbcd soils should he addressed in 
the I -1A report, ll accounts for ihc low pi 1 and infcriilil) of ihc soils. c\cn though 
major disturbances such as dcforcslalioii and fires arc absent in the cn\ ironmcnl. The 
greatest challenge lo the professional is lo maintain an adequate supply of these 
elements in a humid tropical cn\ ironmcnl where Icaching is al\\ a\ s a critical 
problem. 
— 1 i 
4.3.6 Implications on landscape restoration 
As aforesaid, soils along the pipeline differed substantially in properties due to 
the influence of parent materials, gradient and vegetation. They are nonetheless 
strongly acidic, contain low to adequate levels of S O M but are mostly deficient in 
nitrogen, phosphorus and cation nutrients. Aluminum toxicity is a potential problem 
to plant establishment too. These problems are expected to intensify with 
construction of the pipeline, which involves a destruction of the original soils. 
Vegetation removal will destroy major nutrient conservation mechanisms and induce 
severe nutrient loss (Bruijnzeel 1998). This infertility problem needs to be addressed 
in the restoration of the site. This shall include measures needed to combat Al 
toxicity and promote root growth of the seedlings. Therefore, even if a no-impact 
assumption was made, the following suggestions are proposed: 
(i) During construction, it is necessary to avoid the mixing of soils because soil 
nutrients usually concentrate in the uppermost layer. For convenience sake, the 
top 30 cm soils should receive special treatment and be stored separately from 
the subsoils; 
(ii) The excavated soils should be covered by plastic sheet and stored in confined 
area to avoid erosion of the clay-size particles: 
(iii) After laying the pipe, the excavated soil should be backfilled in sequence to 
avoid mixing ； 
so 
(iv) It is necessary to neutralize the soils by liming. The amount of lime needed 
should be calculated with reference to soil pH, ECEC and base saturation 
(Tisdale et al 1993); 
(V) Hydroseeding should be implemented as soon as the soil is backfilled. The use 
of fast growing species with extensive surface root system is preferred because 
the surface cover can minimize erosion and root activity can reduce leaching 
(Brouwer & Riezebos 1998). Leguminous species is also preferred because it 
increases the long-term nitrogen supply. Grass growth should be checked two 
weeks after planting to ensure successful establishment of the cover; 
(vi) A site-specific fertilizer programme should be designed, and the use of slow 
release fertilizers would reduce leaching loss and ensure a continuous supply of 
nutrients to the restored vegetation; 
(vii) Aftercare is equally important to safeguard the growth of the vegetation. This 
shall include beating up planting, fertilization, watering, disease control, 
pruning and thinning where necessary. 
Indeed, soil impacts were generally found in overseas pipeline projects (Culley 
et al 1981; Putwain et al 1982), hence the following extra efforts are needed to 
mitigate the effects: 
(i) Incorporation of leaves and branches into excavated soil to reduce net output 
from the original system; 
81 
(ii) hydroseeding of excavated soil to utilize the nutrient released from oxidation of 
S O M , and in this regard legumes are preferred to non-legumes. The grass can 
be used as green manure when the site is restored; and 
(iii) a site-specific soil impact assessment is needed before restoration of the 
disturbed site. It helps to evaluate the change of soil properties after pipeline 
construction. This, in turn, helps to calculate the actual requirements of soil 
organic amendment, fertilizers and lime. It also helps in the selection of species 
for planting. 
4.4 Conclusion 
From the results of the present experiment, the following conclusions can be 
summarized: 
(i) Soils along the pipeline varied substantially in properties due to the influence 
of geology, relief and vegetation. A site-specific approach would be 
necessary for people to understand the actual site conditions. It seems that the 
present setting of site investigation according to general geology and gradient 
was unsatisfactory for us to understand the soil properties along the whole 
pipeline because other factors also contribute to the differences of soil 
properties. Suggestions for improvements will be discussed in Chapter 6. 
(ii) Soils along the pipeline corridor were generally infertile and sub-optimal to 
plant growth. Therefore, soil amendments were needed to enhance plant 
performance even if no impacts were introduced by pipeline construction. 
8 2 
(iii) In view of the heterogeneous properties and characteristics of the soils found 
along the pipeline corridor, a soil impact assessment is needed to facilitate 
restoration of the disturbed site. 
8 3 
Chapter 5 
Impact of Pipeline Construction on Soils 
5.1 Introduction 
The present chapter investigates the impact of pipeline construction on the soils, 
through a comparison between the disturbed and undisturbed soils. Magnitude of the 
impacts, if any, would be differentiated according to geology, gradient, antecedent soil 
conditions and nature of the disturbance activities. The objectives are to evaluate if the 
disturbed soils would be optimal to the growth of the restored vegetation and. if not. 
what could be done to rectify the problem. 
Overseas experiences in pipeline construction highlighted the possibility of 
adverse changes in soil chemistry and physics (Culley et al. 1981; Putwain et al 1982; 
Department of Trade and Industry 1992). In most cases, the soils deteriorated after 
pipeline construction and became unsuitable for plant growth due to a decline in 
physical, chemical and biological properties. Unfortunately, many of these impacts 
were not predicted in the EIA. Putwain et al. (1982) also reported a differential impact 
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on the soils between the pipeline proper and shoulder. As there is a lack of information 
on soil impact in Hong Kong, results obtained from this study will provide answers to 
the following questions: 
(i) Did soils change significantly after pipeline construction and, if yes, what would 
be the magnitude of change? 
(ii) H o w would these impacts vary with geology, gradient, and nature of the 
disturbance? 
(iii) Are the disturbed soils ideal for the growth of the restored vegetation? 
(iv) What measures could be adopted to mitigate the soil impacts? 
5.2 Results 
Soil impacts were found after construction of the pipeline; they varied to a 
different extent with geology, location (pipeline proper and shoulder) and depth of the 
soils. In general there were more adverse impacts than beneficial impacts. Adverse 
impacts were more frequently found in the fertile soils than the infertile counterparts 
and in the topsoil than the subsurface soils. The pipeline proper and shoulder were 
subjected to construction impact, yet the difference was insignificant. 
8 5 
5.2.1 Soil acidity, exchangeable hydrogen and aluminum 
Disturbance resulted in an increase of soil pH by 0.1-0.8 unit, being more 
apparent in V S and G M than the other sites (Appendix 5.1). N o difference was found 
between the pipeline proper and shoulder, except for GG. Despite this positive impact, 
the soils remained acidic to strongly acidic in reaction and pH ranged from 4.18 to 5.57 
(Table 5.1). 
Total exchangeable acidity of the disturbed soils was significantly reduced 
against the undisturbed soils. In the uppermost layer T E A ranged from 6 to 8 cmol kg"' 
representing a decrease of 50% after pipeline construction, except for G G and GS 
(Table 5.2 and Appendix 5.2). Again, this positive impact was more apparent in the top 
soils than the subsoils. A difference between the pipeline proper and shoulder was only 
found in V M and VS. 
Exchangeable Al of the disturbed soils amounted to 4-6 cmol kg"', which was 
significantly lower than the undisturbed soils. There was a reduction of about 5 cmol 
kg'' exchangeable Al in the soils after pipeline construction, or in the extreme case up 
to 90% in the pipeline proper of VS. This positive impact was more apparent in the 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Exchangeable H in the soils was less affected by construction compared to Al 
and TEA, hence not statistically different from the undisturbed counterparts (Table 5.4 
and Appendix 5.4). It varied from 1-2 cmol kg"' in most of the soils and was 
consistently lower than exchangeable Al. 
5.2.2 Soil texture and bulk density 
Texture of the disturbed soils was modified. There was a loss of fine materials 
from the soils in VS, G M and GS after construction. Conversely, a reduction of coarse 
materials occurred in G G although no change was found for G G (Table 5.5 and 
Appendix 5.5). 
Bulk density of the disturbed soils increased significantly against the 
undisturbed counterparts, except for soils in the shoulder of G G (Table 5.6). The 
magnitude of increase ranged from approximately 0.10-0.35 g cm'"' (Appendix 5.6). 
and was higher in G M and GS than GG. The increase was comparable between the 
pipeline proper and shoulder. Average bulk density exceeded 1.40 g cm"'' in most soils, 
and approached 1.60 g cm、' for G G and GS. Thus, bulk density was more easily 
elevated in soils derived from granite than from volcanic rocks. 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.2.3 Soil Organic Matter 
S O M was significantly reduced after pipeline construction, except for the 
subsurface layers of V M and G S (Table 5.7, Appendix 5.7). In the uppermost layer an 
absolute loss of 2.60-7.25% was found, representing 51-88% of the total organic 
matter in the undisturbed soils. The lower layers were less affected than the upper 
layers (Appendix 5.7). Overall, losses were higher in V S and G M than the other sites, 
and no difference was found between the pipeline proper and shoulder. 
5.2.4 Soil TKN 
Soil T K N was reduced to 0.02-0.1% after construction of the pipeline, and the 
pattern followed closely S O M . The highest loss coincided with G M . from 0.08% in the 
40-50 cm layer to 0.29% in the 0-10 cm layer (Appendix 5.8). This is equivalent to 
over 80% of the T K N in the corresponding layers of the undisturbed soils. For rest of 
the sites, a reduction of about 50% was commonly recorded. While more T K N was 
lost from the upper soils than the lower soils, the difference between the pipeline 
proper and shoulder was also insignificant (Table 5.8). 
Most of the disturbed soils yielded an NH4-N level of approximately 5 mg kg''. 
A significant decrease was observed after pipeline construction, except for the soils in 
V M where NH4-N remained at a relatively high level of 10 m g kg'' (Table 5.9). Higher 
loss was recorded for G G and G M , amounting to over 50 m g kg—、In most cases, 
relative loss amounted to 50-90% of the total in the undisturbed soils (Appendix 5.9). 
The magnitude of loss was higher in the surface layers than the subsurface layers, and 
there was no significant difference between the pipeline proper and shoulder. 
The impact on soil NO3-N was less conspicuous compared to NH4-N (Table 
5.10 and Appendix 5.10). There was an increase of NO3-N in V M and G M , but a 
decrease in VS and GG. Parallel to this, NO3-N tended to increase in the pipeline 
proper but decrease in the shoulder after construction. Overall, NO3-N ranged from 
0.24-12.43 m g kg"' in the 0-30 cm layers and 0.18-4.52 m g kg ' in the 30-50 cm layers. 
5.2.5 Phosphorus 
The impact on total phosphorus was least conspicuous along the pipeline. In the 
uppermost layer, there was a reduction of 56 m g kg"^  in the shoulder of G M but an 
increase of 78 m g kg"! in the pipeline proper of V M (Table 5.11 and Appendix 5.11). 
The pattern of available phosphorus was as inconspicuous as total phosphorus. 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































but insignificant increase in available phosphorus after pipeline construction, which 
tended to accumulate in the surface soils. 
5.2.6 Soil exchangeable cations 
Exchangeable K in the disturbed soils ranged from 0.02-0.24 cmol kg'' (Table 
5.13 and Appendix 5.13) and decreased with depth of the soils. Overall concentrations 
were higher in the soils derived from granite than from volcanic rocks, irrespective of 
difference in gradient. There was an increase in V M (pipeline proper and shoulder), 
G M and GS (pipeline proper) after disturbance. The pipeline proper also yielded 
higher concentrations of K than the shoulder in G M and GS. 
Exchangeable Na averaged 0.01-0.13 cmol kg"' in the disturbed soils compared 
to 0.02-0.11 cmol kg'' in the undisturbed counterparts. It was least affected by 
disturbance (Table 5.14 and Appendix 5.14). 
Exchangeable Ca of the disturbed soils (0.10-2.17 cmol kg"') was higher than 
the undisturbed counterparts (0.02-1.65 cmol kg"'). Specifically, an increase was 
found for VS and G M (pipeline proper), and V M (pipeline proper and shoulder) but 
not G G and GS (Table 5.15 and Appendix 5.15). The nutrient largely decreased with 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Exchangeable M g of the disturbed soils ranged from 0.02-0.55 cmol kg"', 
compared to 0.03-0.72 cmol kg"^  recorded for the undisturbed soils (Table 5.16 and 
Appendix 5.16). The impact of construction on exchangeable M g was inconspicuous; 
there was an increase in V M (pipeline proper), G M (shoulder) and V S (pipeline proper 
and shoulder). However, no changes were recorded for G G and GS. In the uppermost 
layer, most of the soils recorded a loss after construction of the pipeline except G M . 
5.2.7 ECEC, BS and aluminium saturation 
E C E C was significantly reduced after pipeline construction (Table 5.17). 
particularly for the uppermost layer of the soils. The magnitude of reduction was 
marginally higher for soils of the pipeline proper than the shoulder. 
Base saturation was elevated from 1.05-28.28% in the undisturbed soils to 
3.98-67.2% in the disturbed counterparts (Table 5.18). The only exception was G G 
(Table 5.13 to 5.15) where the increase against the undisturbed soils was insignificant. 
It also decreased with depth of the soils, a pattern similar to the undisturbed soils. 
Soil aluminum saturation was significantly reduced by 10-30% after pipeline 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pipeline proper than the shoulder. There was no consistent pattern with depth of the 
soils. 
5 3 Discussion 
5.3.1 Nature of the soil impacts 
The results clearly showed that the properties of the soils were modified to a 
different extent by construction. Three types of impacts were identified, namely 
negative, positive and neutral. The most notable negative impacts included coarsening 
of soil texture, elevated bulk density, and the decrease of SOM, T K N and NH4. This is 
expected because excavation would open up the soil to erosion by wind and rainwater, 
resulting in the preferential loss of clay-size particles. This would, in turn, lead to 
coarsening of the texture, structural breakdown, and loss of S O M and nitrogen. 
The decline of organic matter exerts a long-term adverse effect on soil chemical 
and physical properties. S O M is the nutrient reservoir that allows the sustainable 
release of nutrients to the system (Lai 1987; Stott et al. 1999), especially nitrogen in 
the tropical soils (Ross 1989). In the present study, however, about 50% of the nitrogen 
were lost after pipeline construction. With a lower C/N ratio (data not shown), the 
remaining S O M was probably made up of residues from decomposition that had 
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limited energy for the decomposers. A decline in quality of the S O M resulted in the 
decrease of TKN, available phosphorus, and NH4-N in the soils (Young 1989; Potter 
1993). The storage of NH4-N would be further restricted after fertilization and liming, 
as the base cations could compete with NH4-N for the limited exchange-sites 
(Robertson 1989). 
The reduction of S O M can also destabilize soil structure, reduce soil stability 
and increase bulk density (Lai, 1987). These negative impacts not only restrict 
seedling and root growth but also reduce water infiltration of the soils (Karlen et al. 
1999). Water stress may occur in dry seasons and surface runoff in wet seasons. 
Indeed, the trench is marred by severe soil erosion that is detrimental to plant 
growth and forest regeneration (Thrower 1986; Tiessen 1998). Loss of soil fertility 
through erosion cannot be easily replenished by fertilization (Lai 1979). In the humid 
tropics a vicious circle of erosion and soil degradation is thus initiated (Jackson 1993), 
which will in the long run undermine the success of ecological restoration. 
The positive impacts included primarily elevated pH, exchangeable K, Ca and 
Mg. base saturation, as well as the reduction of exchangeable Al and TEA. Most of 
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these impacts are interrelated because K, Ca and Mg would counterbalance the effect 
of Al and TEA on soil acidity. These positive impacts may accelerate landscape 
restoration because limitations on plant growth can be relieved. These include the 
enhanced bioavailability of nutrients and accelerated root growth after suppression of 
soil acidity. 
Construction resulted in no significant impacts (i.e. neutral) on exchangeable H 
and Na, total and available phosphorus, and NO3. Of these parameters, only available 
phosphorus and NO3-N are directly related to growth of the restored vegetation. Their 
importance in SIA will be addressed in Chapter 6. 
None of the above changes were predicted in the EIA report, and the hypothesis 
that pipeline construction resulted in minimal impacts on the soils was rejected. 
5.3.2 Causes of soil impact 
The aforesaid soil impacts were caused by a number of activities directly or 
indirectly related to pipeline construction, including vegetation removal and soil 
excavation in early-construction stage, soil treatment and activities during the 
construction period, and restoration planting in the post-construction stage. The 
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relative importance of these activities might vary with sites. However, a site-specific 
evaluation of the causes was not possible due to the absence of monitoring and missing 
construction records. Instead, a holistic approach was adopted in the following 
evaluation of impact causes. 
At the start of the project, vegetation was removed resulting in a net loss of N, P, 
K, Ca and Mg from the system. Generally, complete tree harvest would lead to severe 
N, P and K deficiency (Kadeba 1998), and disruption of the nutrient cycle. As the 
disturbed soils already recorded a loss of 50-80% SOM and TKN after construction, 
the problem was expected to deteriorate unless adequate mitigation measures were 
provided to restore the aboveground vegetation. This is because in unfertilized system 
organic matter is the storehouse of nutrients including N. P and S. The removal of 
vegetation deprived the supply of organic matter to the soil, which was both an energy 
and nutrient source to the soil microbes. In the absence of vegetative cover, the soils 
were rendered more vulnerable to the leaching loss of nutrients and erosion of 
clay-size particles. 
Soil excavation can lead to a series of changes comparable to tillage. For 
instance, it improves soil aeration but destroys soil structure (Karlen et al. 1990). The 
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benefit of improved aeration was, however, short-lived because compaction by 
vehicles and machinery as well as loss of SOM would rapidly elevate soil bulk density 
from 1.2 g cm-3 to 1.5 g cm'^ (Table 5.6). The erosion of clay-size particles not only 
reduced SOM and TKN, but also resulted in the disintegration of soil aggregates and 
decline of soil structure (Brown et al. 1994). Of course, soil surface residues would 
also be buried in the excavation process and subjected to a more stable environment 
for their faster decay (Stott et al 1999). 
During construction, the soil was stockpiled and loss of C and N was anticipated 
as a result of the assimilation, oxidation and mineralization of SOM (Abdul-kareem & 
McRae 1984). Therefore, the loss of SOM and TKN could occur without soil mixing 
or erosion. The extent of this impact depends on the duration between vegetation 
removal and restoration. The longer the time leading to restoration planting, the 
greater will be the loss of SOM and TKN under high and fluctuating temperature 
conditions (Meentemeyer 1995; Spaargaren & Deckers 1998). In addition to losses by 
assimilation and oxidation, SOM and TKN can also be lost in the erosion of fine 
particles by rainwater. It is thus necessary to cover up the excavated soils to prevent 
this problem from happening and to avoid stockpiling the substrate on steep slopes. 
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NH4-N and NO3-N are produced in the stepwise oxidation of organic nitrogen. 
These mineral nutrients are highly mobile and vulnerable to volatilisation and leaching 
loss. The volatilisation of NH4-N could be aggravated by tree cutting which increased 
wind speed and removed the nutrient from the soil surface (Cai 1997). In the present 
study, there was a greater reduction of NH4-N than NO3-N in most of the soils. This 
was expected because NH4-N is a substrate needed for nitrification, hence a reduction 
of NH4-N would limit the production of NO3-N. Where there was an increase of 
mineral nitrogen, it could have been released from the Nitrophoska fertiliser 
(12:12:17:2) used in restoration planting. The nitrogen contained in this quick release 
fertiliser is made up of equal proportions of NH4-N andNOs-N. Nonetheless, the low 
level of mineral nitrogen in the disturbed soils is a cause of concern for growth of the 
restored vegetation. 
Besides SOM and TKN. nutrients leached and accumulated at the lower 
horizons of the original soils were brought to the surface after excavation. They are 
subjected to leaching loss b> rainwater (Brouwer & Riezebos 1998). The spontaneous 
erosion of fine particles also resulted in coarsening of the soil texture during storage 
(Baillie 1989). especially on the pipeline proper (Appendix 5.20). The soils in Hong 
Kong are dominated by low activity clays of halloysite and kaolinite (Grant I960). 
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which are prone to compaction (Lai 1987). As the shoulder areas had been demarcated 
for the temporary storage of excavated soils and construction materials, the soils were 
heavily compacted as evidenced by elevated bulk density. This was inevitable unless 
precautions were taken to prevent and minimize the impacts. They included the use of 
protective tracks and light-weight vehicles, and stoppage of work on rainy days. Of 
course, the compacted soils needed to be scarified before planting. Unfortunately, 
these measures were not provided in the EIA report. 
Soil compaction could extend to deeper soil layers (McRae 1999), which was 
not investigated in this study. The influence of this impact on plant root penetration 
and drainage characteristics of the site warrant further study. 
Alter laying the gas pipe, the trench was backfilled and hydroseedcd with 
grasses to provide a rapid vegetative cover of the disturbed site. Unfortunately the 
hydroseeded surface was not rested: instead, it continued to provide vehicular access 
to the hinterland. The grasses failed to grow properly, offering little protection to the 
disturbed site. Tree planting was not carried out until all the works in a particular 
section had been completed (Mott MacDonald 1992: Personal Communication. Chan 
despite only 100 m of the trench was excavated each time. This was a tvpical 
ifi--^  
example of poor planning, resulting in prolonged exposure oflhc cx cava led soils. I his 
problem could easily be avoided had ihc prqjccl been started at the middle ol lhc roulc 
and worked back towards the directions of Tai Lam and Chiicn Lung (I-igurc 3.1). 
The increase of soil bulk density on the pipeline proper was partly caused by the 
compression of heavy machinery lo consolidate the soils (McRae 1999). The problem 
was further aggravated by the removal of SOM and formation of surface crusts 
(Maimer el al 1998). While light-weight rollers are preferred to heavy-weight ones, 
organic amendment of the soils is equally important in maintaining an ideal bulk 
density of the soils. 
Restoration processes also contributed significant impacts lo the soils. 
Hydroseeding was carried out w ith the use of a spray tank loaded on a truck. It caused 
considerable compaction to the soil, as did vehicles delivering tree saplings to the site. 
These vehicles inflicted a heavy damage to the hydroseeded grasses, and initiated rill 
erosion on site. The problem could be minimized if tree saplings were delivered by 
vehicles to the paved forest track, from where they were manually taken to the site. 
The use of fertilizers in restoration planting would likely increase nulrioiit lc\ els 
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in the soils, especially N, P aiui K. This was, however, not readily found in I he present 
study. As aforesaid, 1 KN and N1 l.|-N were rcduccd in the cli slur bed soils although 
NO3-N and available P remained relatively unalTeclcd. Nitrogen added from Icrtili/crs 
{Nifrophoska) was either absorbed by the restored vegetation, vaporized or Icachcd 
away. It clearly shows that nitrogen is a limiting factor lo plant growth and thai the use 
of slow release nitrogen is preferred to quick release nitrogen. A full recovery of 
nitrogen in the soils can only be possible with re-establishment of the vegetation. The 
increase of K in soils of GM. GS and VM is believed to be ephemeral because the 
element is vulnerable to leaching. 
Despite the strong acidity of the soils, lime had not been used to correct the pH 
before planting. Liming would neutralize the soil, and replenish Ca and Mg (e.g. 
dolomitic limestone) much needed by the restored vegetation (Merry et al. 1995: 
Myers & De Pauw 1995; Rosolem et al 1995; Merrilees et al. 1999). Again, this had 
not been specified in the EIA report. 
After restoration planting, erosion continued to occur on areas where the 
vegetation had failed to establish rapidly and properly. This problem was partly 
aggravated by feral cattle abandoned by nearby villagers and motor cycles frequcnline 
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the site. Surface erosion was initiated along the cow trails and tyre treads, especially in 
GM. The intensity and significance of these cumulative impacts on the soils were not 
addressed in the EIA. 
5.3.3 Spatial difference of soil impacts 
To a certain extent, geology played an important role in moderating the impact 
of construction on the soils. The influence of geology is particularly felt on bulk 
density of the soils. In general, soils derived from granite yielded higher bulk density 
than those derived from volcanic rocks. In addition, the granitic soils were more 
receptive to an increase in bulk density after construction. This is because the 
coarse-textured soils allow a denser package of the particles (Hillel 1998), especially 
when SOM is depleted. In Hong Kong granite covers one third of the total land area, 
hence this inherent property needs to be addressed in future EIA. It shall involve 
specific treatments to alleviate compaction before planting, such as scarification and 
organic amendment. 
Conversely, the influence of geology on nutrient status of the soils was less 
conclusive. In Hong Kong, soils derived from volcanic rocks are reportedly more 
fertile than those derived from granite (Grant 1965: Chau & Lo 1980: Marafa & Chau 
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1999). A reverse trend was found in the present study, possibly because vegetation 
also played a significant role on nutrient status of the soils. It is, therefore, difficult to 
generalize a rule that can explain the comprehensive influence of geology on soils in 
the present study. As the soils in Hong Kong contained relatively low levels of TKN, 
phosphorus and cation nutrients, their depletion from the disturbed soils would 
undermine the precision of analysis. These resulted in high standard deviations of the 
data, and insignificant statistical tests against the undisturbed soils. Indeed, the 
reduction of SOM, TKN and NH4-N was greater in the more fertile soils derived from 
granite (e.g. GM) than the less fertile soils derived from volcanic rocks (e.g. GS). This 
was expected because soils rich in these elements would have a higher mineralization 
rate when the nutrient cycle is disrupted by vegetation removal (Swift 1995). 
Conversely, the undisturbed soils of VM and GS contained less SOM and TKN and the 
magnitude of reduction during construction was rather limited. Greater care is needed 
to protect the fertile soils in future projects. 
The influence of slope gradient on the impacted soils seemed to be most obvious 
for texture. A higher proportion of the fine particles was lost from the steeper slopes of 
VS and GS. This is expected because more surface wash, throughflow and soil creep 
are facilitated by the steep slopes than gentle slopes (Baillie 1989). 
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The surface soils were more easily impacted than the subsurface soils, 
especially the reduction of SOM and TKN. It was unlikely to have been caused by 
mixing or a reversal of the excavated soils in backfilling because the subsurface soils 
contained the lowest levels of SOM and TKN. The magnitude of change tended to 
decrease with depth of the soils, which was partly associated with the addition of 
materials in restoration planting. 
Differential soil impacts were found between the pipeline proper and shoulder, 
especially for NO3, exchangeable K, Ca and Mg, and base saturation. While soil 
amendments were identical along the entire pipeline corridor, the shoulder was 
restored about a year earlier than the corresponding pipeline proper (Personal 
Communication, Chan 1998). More nutrients could have been removed from the 
shoulder than the pipeline proper. On the other hand, there was no difference in the 
SOM primarily because it was not included in the anthropogenic inputs. 
Local factors played a significant role on the nature and intensity of soil impacts. 
For instance, the increase of exchangeable Ca and pH in VS would be associated with 
the presence of a concrete drainage in the plot. 
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The perpetuation of erosion was partly caused by the presence of feral cattle. 
The problem was most critical in GM (close to the abandoned fields at Pak Shek Kiu) 
and GS (Figure 3.1). They grazed and tramped on the pipeline corridor, resulting in 
compaction and erosion of the reinstated soils. This problem was raised in the EIA yet 
no effective mitigation measures had been taken to prevent it from happening. The 
wire fence erected for the purpose in section one was not properly constructed. The 
posts had not been properly secured into the ground while the wire was too thin to be 
effective. 
Motor cycles gained entry to the pipeline corridor near the pigging station at 
Route Twisk. Many of the restored tree saplings were vandalized and tyre treads would 
initiate rill erosion. The situation improved when the entrance was fenced off in the 
summer of 1999. 
5.3.4 Significance of the impacts 
Fertility of the soil is central to the sustainability of both natural and managed 
ecosystems because soil is the medium from which terrestrial production emanates 
(Scholes et al. 1994). Maintenance of soil fertility requires the control of erosion. 
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maintenance of SOM, physical properties and nutrients, and avoidance of toxicity 
(Young 1989). It is thus clear that accelerated erosion, coarsening texture, elevated 
bulk density, and reduction of SOM, TKN and other nutrients after pipeline 
construction are indicators of soil fertility degradation. Are the disturbed soils ideal to 
growth of the restored vegetation and how significant are these impacts? 
Table 5.20 summarized the potential limits of the various parameters that are 
related to plant growth (Landon 1991; Soil Survey Staff 1992 and 1993; Craul 1992 
and 1999). The properties of the disturbed soils are compared against these potential 
growth limits, in much the same way as the undisturbed soils in Chapter 4. It is clearly 
shown that the disturbed soils are sub-optimal to plant growth: they are strongly acidic 
and contained low levels of SOM TKN. available phosphorus and cation nutrients. 
This is further supported by low ECEC and base saturation of the soils. Worse still, 
aluminum has reached toxic level in the disturbed soils when pH falls to below 5. 
Overall ecosystem functions of the sites were weakened because nutrient and 
water were not conserved, following accelerated erosion and decline in 
nutrient-holding capacity of the soils (Bellairs 1999). Strong acidity and infertility of 
the soils are stressful lo even the growth of pioneer species (Dalling & Tanner ] 995: 
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Fetcher et al 1996; Mentla 1999). As the negative impacts will last longer than the 
positive impacts, there would be a medium- to long-term impoverishment of soil 
quality immediately after completion of the project. 
Table 5.20 Soil Interpretation Ratings for Plant Growth’ 
Potential L i m i t Restrictive Range 
Soi l Properties Slight Moderate Severe Features Values  
Soil pH 6.0-7.0 <6 .0 <5 .0 Acidity and Nutrient 4.47-5.24 
~ B u l k Density (g cm"') ~ 1 . 3 0 - 1 . 6 0 ~ 1.60-1.80 >1 .80 Permeability reduces 1.40-1.59 
(0-15 cm) with severity 
SOM (%) 1.0-7.0 — 0.5-1.0 <0.5 Low Fertility 0.56-2.14 
TKN (%) >0.5 0 . 2 - 0 . 5 ~ ~ ^ Low Fertility 0.02-0.09 
Ava. P (mg kg'') >40 20-40 ^ Low Fertility 0.77-3.02 
K(cmol kg-') >0 .6 — 0.2-0.6 — <0.2 Low Fertility 0.04-0.24 
Na (cmol kg'') >1 — -- “ Salinity 0.03-0.12 
C a ( c m o l kg"') >4 0.2-4 <0.2 Low Fertility 0.15-1.48 
Mg (cmol kg'') - ^ 0.2-0.5 Low Fertility 0.05-0.47 
ECEC (cmol kg"') 15-25 5-15 <5 Low Nutrient Reserve 5.88-8.57 
Base Saturation (%) >60 20-60 <20 Low Nutrient Supply 4.55-35.89 
Al Saturation (%) — <30 30-60 ^ Toxicity 34.20-73.61 
Source: Complied from data in Craiil (1992). Craul (1999). Landon (1991). Soil Survey Staff (1992) and Soil Survey Staff (1W3) 
Because most of these impacts were not predicted in the EIA, there were no 
mitigation measures to avoid or minimize the problem. This led to the planting of 
inappropriate species such as non-legumes on sites that were depleted of nitrogen (e.g. 
GM). The site would be dominated by grasses that causes delay in the establishment of 
higher plants. The grasses are susceptible to grazing by the feral cattle, and are less 
effective than trees in soil protection. This will, in turn, initiate the vicious cycle of 
-、The "potential limit" is quoted for assessing plant growth in a general sense, and it may vary with 
different species and soils concerned. 
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land degradation (Bradshaw & Chadwick 1980) hence prolonging the visual impact of 
the site. 
The reduction of ECEC and increase in base saturation of the disturbed soils is 
illusionary to fertility improvement. Base saturation was elevated at the expense of Al 
suppression instead of increase in cation nutrients. Hence, the absolute amount of base 
ions in the soils remained exceedingly low. 
Realizing the above soil impacts, how significant are they in ecological 
restoration? There is no easy answer to this question because not all the impacts (e.g. 
exchangeable H. Al’ Na and TEA) have a direct influence on plant growth. Also, a 
differentiation needs to be made between the short-term and long-term impacts. 
Long-term impacts include the reduction of SOM, TKN and ECEC. coarsening of 
texture and elevation of bulk density (Table 5.21). A long time is required for these 
parameters to return to their pre-disturbed levels, and this can only be achieved with 
recreation of a stable plant-soil system. In the process, a lot of energy subsidies 
including soil amendment, fertilisers, irrigation and management inputs are needed to 
assist growth. The short-term impacts include reduced acidity and increase, though 
inconsistent, of K and available phosphorus (Table 5.21). 
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Lohani et al. (1997) has provided a framework to assess the significance of 
environmental impacts, which can be used to assess soil impact of the pipeline project. 
It includes importance, extent of disturbance, duration and frequency, risk and 
reversibility. 
Importance of maintaining soil quality is reflected by its ability to support the 
growth of similar species in the restored community, as it did in the pre-disturbed 
system. Indeed, a similar or improved site condition would generally be needed to 
facilitate the establishment of vegetation and prevent plant retardation. This implied 
that the deterioration of soil fertility has brought significant impact to the disturbed 
area. 
The disturbed area extended over 13 km, with a supposed width of 5 to 7 m. 
Though the disturbed corridor was not very wide, the linear characteristic still made 
the degraded land visible. If restoration fails, erosion may occur and the impact of 
disturbance would disperse. 
The disturbance had a long lasting effect on the soils, from pre-construction to 
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post-construction period, though the frequency of each activity might be small. For 
instance, the trench was excavated and backfilled once only. It seems that duration of 
the activities is more influential than frequency in causing environmental impact. 
The most possible risk related to soil impacts would be the delay or failure of 
landscape restoration, which not only leaves a visual scar but also initiates new erosion. 
In the worst case, slope stability and safety of the pipeline would be jeopardized. 
Soil impacts may be reversible although the actual period involved will depend 
on nature of the impacts. Beneficial effects, such as nutrient addition and increase of 
soil pH. are short-lived because the available minerals are highly susceptible to 
leaching, surface wash, and volatilization under the hot humid conditions (Lai 1 987). 
This problem can be aggra\ated by limited adsorption sites on the colloids after I he 
loss of day-size particles. On the other hand, it takes years to rccovcr ihc loss of soil 
carbon and nitrogen (Slaben et ul. 1997) until vegetal ion in the site can provide a net 
accumulation effect (Odum 1997). There fore, the reduction of SOM and TKN is more 
significant than temporary nutrient impro\emenl (Table 5.21). 
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Table 5.21 Summary of Soil Changes and Impact Significance 
General Soil Change Nature of Impact Extent of Impact Restriction Significance 
S O M si- - Large Severe S/LT 
T K N si- - Large Severe S/LT 
N H 4 - N i - Large Severe S / S T 
E C E C 丄 + Small Severe 一 S / S T to L T 
Exch. Acidity 丄 + Small Moderate I S / S T 
Exch. A l i + Medium Severe ~ ~ S /ST 
A l saturation i + Medium Moderate to Severe S /ST 
p H t + Large Moderate to Severe S /ST 
K ^ + Large Moderate to Severe S /ST 
C a 个 + Large Moderate to Severe S /ST 
Mg T + Large Moderate to Severe S/ST 
U C Small " No Restriction IS 
B S T — + Medium — Moderate S/ST 
Bulk Density 个 - Medium Moderate S/LT 
N O 3 - N U C Large 一 Severe S/ST 
Exch. H U C — Small No Restriction IS 
Total P — U C Small — No Restriction 一 IS 
Available PO4 U C Small Severe IS/LT 
Texture - Medium Moderate S/LT 
" t " increase; "4" decrease;"-'’ negative impact; "+" positive impact: "UC" unchanged impact; "S" significant; "IS" 
insignificant; “ LT" long-term; “ ST" short-term. 
The reduction of ECEC was considered beneficial because it was largely caused by a loss of Al. 
In brief, soil impact stimulated by pipeline construction has significantly 
degraded the disturbed area. 
5.3.5 Mitigation measures 
It was confirmed above that pipeline construction had caused a series of impacts 
on the soils that mitigation measures were not sufficient in the EIA. Apart from the 
need to identify the possible impacts, mitigation measures are needed to avoid, 
minimize or rectify these cumulative impacts. 
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Mitigation should start at the very beginning of the project. In vegetation 
clearance, soil impacts can be minimized by avoiding removal of the whole tree. 
Branches should be cut into wood chips and stored for future use as mulch materials on 
the disturbed soil. This will help preserve organic matter, reduce evaporation of soil 
moisture, protect the soil from erosion, and provide seeds to the soil (Cass & 
Chamberlain 1998). 
If the excavated soil will be stored for more than a season, it should be grassed to 
provide surface cover and replenish loss of SOM (Hodson 1995). Nitrogen-fixing 
species can be used to augment soil nitrogen, although choices in the tropical 
environment are limited. When shade-intolerant grasses are used, they will be 
automatically eradicated with canopy closure of the w oodland. 
After backfilling the trench, a temporary grass cover should be planted to 
minimize soil erosion even though it can be damaged by vehicles. The use of grass 
sods growing on the stored soils for this purpose will reduce compaction caused by the 
hvdroseedine truck. 
To restore the landscape, it is necessary to re-establish all the natural processes. 
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This can be accelerated by soil amelioration to replenish insufficient materials in the 
soils directly, or indirectly by recovery of organic matter through plant establishment 
(Jim 1998b). A self-sustained ecosystem can only be created with the cycling of 
materials (Bradshaw & Chadwick 1980). The intensity of soil amendment will depend 
on conditions of the disturbed soils and types of the restored vegetation. For instance, 
the amount of lime needed to correct pH is dependent on exchangeable acidity and 
cation exchange capacity of the soils. 
Slow release fertilisers are preferred to fast release fertilisers under severe 
leaching conditions. Alternatively, frequent dose with smaller quantity can improve 
fertiliser efficacy substantially in soils deprived of SOM (Fetcher ct al. 1996: Zhu 
1997). 
E f f e c t i v e protect ion o f the c o r r i d o r after restoration p l a n t i n g is needed. T h e use 
o f spl i t - ra i l fenc ing is preferred to c h i c k e n w ire fence in the e x c l u s i o n o f u n a u t h o r i z e d 
a c c e s s by motor c y c l i s t s , v i l l a g e r s , recreationists a n d feral cattle ( A h i n g a & C o l l i n s 
1998). 
L a s t but not least, c o n t i n u o u s monitor ing w o u l d ensure c o m p l i a n c e o f the 
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mitigation measures and help build up knowledge for reference use of future projects. 
5.4 Conclusion 
From the results obtained in this experiment, the following conclusions can be 
summarized: 
(i) Pipeline construction resulted in significant impacts of the soils: negative and 
positive. Negative impacts included coarsening texture, elevated bulk density, 
and the reduction of SOM, TKN and NH4. Positive impacts included increased K, 
Ca, Mg, ECEC, base saturation, and the reduction of exchangeable aluminum and 
aluminum saturation. The magnitude of change was larger for the reduction of 
SOM and TKN, and the increase of available potassium, calcium and magnesium. 
Soil impacts were also more severe in VS and GM, illustrating differentia] soil 
impacts along the pipeline. 
(ii) Geology, gradient and disturbance resulted in cumulative impacts on the soil 
during pipeline construction, yet it was difficult to isolate their separate 
influences. The only exceptions were bulk density which was higher in the 
granit ic soi ls , more fine particle loss for steeper slope, lower nutrient a v a i l a b i l i t y 
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on pipeline shoulder and more erosion on sites damaged by cattle and motorbike. 
Thus, a network approach is needed in dealing with soil impact assessment. 
(iii) The conditions of the disturbed soils were not optimal for plant growth; they were 
deficient in SOM, TKN, K and available P. Mitigation measures contained in the 
EIA did not seem to target on these specific problems. 
(iv) Certain measures should be included in the EIA to improve soil management 
from the beginning of pipeline project to aftercare, following the broad principles 
of reducing damage and preventing wastage. Since the resultant soil conditions 
varied with plot and soil property concerned, differential soil treatments were 
needed in landscape restoration. It is also important to carry out an assessment of 
the soils after disturbance so that a comparison can be made against the predicted 
impacts. This will, in turn, lead to the preparation of mitigation measures that can 
address specific problems in the degraded site. 
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Chapter 6 
Improvement of EIA on Soil Management 
6.1 Introduction 
In Hong Kong, the need of proper soil management has never been seriously 
considered. One obvious reason is the declining importance of agriculture in the 
territory and our growing reliance on the import of farm produce. Another reason is the 
sentiment that we can always import amended soils from elsewhere. This has resulted 
in poor soil management techniques and omission of soil impact assessment (SIA) in 
the EIAO. In restoration planting undertaken by AFCD. for instance, there is virtually 
no amendment of the soil except the addition of fertilizers to assist growth. The nature 
and properties of the disturbed soils are seldom determined, not to mention the 
implementation of appropriate land protective measures. Notwithstanding this, proper 
soil management should be introduced in Hong Kong because of the reasons below: 
(i) Although the soils in Hong Kong are rarely used to support major economic 
activities, they are inevitably the foundation of terrestrial ecosystems. The 
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alternation of soil will lead to the change of habitats and vegetation on the 
impacted land (Canter 1996). 
(ii) Restoration is needed after human disturbance and severe disturbance on soil 
would increase stresses for plant growth, reduce the possible choices in species 
selection, and lead to the reduction of bio-diversity and presence of prolonged 
visual scar. In the worst scenario, it may result in delay or failure of restoration. 
Indeed, the importance of SIA has not been adequately addressed in the local 
EIA. Findings in Chapter 5 clearly showed the severity of linear disturbances along the 
towngas pipeline. It is a typical example of soil destruction, resulting in many 
unmitigated impacts and further deterioration of the environment after completion of 
the project. In view of the rapid development in Hong Kong, there is an urgent need to 
plug this loophole in the EIA. Based on findings from this study thus far, this chapter 
attempts to work out a guideline on SIA for inclusion in the EIA. The specific 
objectives are twofold: (i) to examine what actually are needed in the baseline, impact 
prediction and mitigation of a SIA, using the towngas EIA as an example; and (ii) to 
assess how soil management can be improved with inclusion of a SIA in the EIA. 
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6.2 Evaluation of Information Provided by the EIA 
Information provision is of paramount importance in EIA, without which our 
understanding of the site conditions would be incomplete. This will affect accuracy of 
the predicted impacts and efficiency of the mitigation measures. The proposed SIA is 
not different in principle to other ecological attributes; it should include the baseline, 
impact prediction and mitigation for managing the impacts. 
6.2.1 Need of more detailed soil baseline 
The soils in Hong Kong are intensely weathered and subjected to severe leaching. 
With few exceptions, they are strongly acidic and contain low levels of organic matter, 
nitrogen, phosphorus and potassium. The problem is particularly acute where soil 
destruction, as in the towngas pipeline project, is involved. The soil profile was altered 
resulting in coarsening texture, loss of the organic horizon and leaching or washing 
away of plant nutrients. The severity of these disturbances tends to vary somewhat 
with geology, soil type and gradients of the site. This will limit the choice of species in 
ecological restoration. 
Unfortunately, for a project of this scale the soil baseline provided by the EIA 
was overly simplified (Table 6.1). First, the EIA failed to recognize the complexity of 
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the site conditions though the pipeline traversed a length of 13 km covering terrains of 
different geology, soil type and topography. Second, the understanding of soils was 
insufficient. In the EIA the soils were merely classified into alluvium, granitic and 
volcanic and no further details on their properties as well as the influence of localized 
factor (e.g. feral cattle) had been provided. As shown in Chapter 4, the generalization 
of soil properties according to geology is fraught with problems. There is a 
misconception in the EIA report that soils derived from granite are poorer in fertility 
than soils derived from volcanic rocks. This is not always true because soils in GG and 
GM contained reasonably high levels of nutrients, suggesting that gradient and 
vegetation could also affect soil fertility. 
Likewise, the problem of soil erosion was described in the EIA as “Yes/No,” 
without identifying the severity and causes. The problem is probably related to the 
geology, gradient, vegetation cover and disturbance history of the site. Failure to 
identify the nature of the problem would affect the chance of success in ecological 
restoration. 
While it is essential to improve the soil baseline, too many details will defeat the 
purpose and render the objectives not achievable. Indeed, it is necessary to identify the 
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nature of the disturbance arising from the project. Pipeline construction involving 
trench digging and backfilling represents the severest kind of soil destruction. 
Realizing this fact enables the project proponent to make accurate prediction of the 
impacts. The structure of a viable soil baseline will be elaborated in Section 6.3.1. 
Table 6.1 Extract of Soil Baseline in the Towngas EIA Report 
8.3 Site Analysis 
(a) Physiology 
. . .A lso, clearance of vegetation can result in rapid soil erosion. 
(b) Soil Type 
The soil types occurring along the pipeline route fall into three broad categories, namely; 
A l luv ia l Soils- Medium to high fertility. Some soils in low-lying areas such as the abandoned 
paddies may be clayey and wet. 
Granitic Soils- Relatively low fertility. Normally, these are easily eroded, particularly on steep 
slopes forming a hardpan when top layers of soil are removed. This is clearly evident on the western 
portion of the route above Tai Lam Chung. 
Volcanic Soils- Relatively low fertility with moderate to low erosion potential, typical of eastern 
portion of the route towards Route Twisk. 
Source: Mott MacDonald (1992) 
6.2.2 Inadequate soil impact prediction 
Insufficient soil baseline can initiate a series of mishaps in the EIA process, first 
of which is accuracy of the predicted impacts. The only soil impact predicted in the 
EIA was soil erosion (Mott McDonald 1992). Instead of addressing this problem in a 
systematic way, it was only vaguely presented. There were no spatial and temporal 
estimates of the severity of erosion, nor predictions on the loss of soil nutrients. 
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Because of this, the problem had not been highlighted in separate section to signify its 
importance in the EIA process. This is inevitable bearing in mind the Towngas EIA 
was prepared before enactment of the EIAO in 1998. Yet many EIAs submitted for 
approval after 1998 were very much the same, hence there is a need to improve 
accuracy of the predicted impacts. In this connection, there was a loss of 85% of the 
SOM and TKN from the impacted soils (see Chapter 5). As SOM and TKN are the two 
most important soil constituents governing plant establishment, the predicted impacts 
of these parameters need to be included in future EIA of this nature. 
GM was close to the abandoned field in Pak Shek Kiu where surface water was 
abundant. It has attracted more feral cattle than ViM and VS. resulting in trampling kill 
of the restored vegetation and accelerated erosion of the soil. The presence of feral 
cattle had been identified in the EIA yet its impact on the soils was not predicted in the 
t:IA. Another type of unpredicted impact was damages caused by motor cyclists who 
gained entry from the pigging station and treated the pipeline corridor as a racing 
ground. Other localized factors in Hong Kong include recreationists and fire. In this 
regard it is equally important to recognize the potential threats from localized factors 
besides magnitude of the impacts. The erection of secure fences can effectively reduce 
the impacts caused by feral cattle and motorists. 
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Given insufficient soil baseline and inaccurate impact prediction, it is hard to 
accept the claim that there would be no long-term environmental impact arising from 
the project (Mott McDonald 1992). 
6.2.3 Need of site-specific soil mitigation 
In view of the variable soil quality along the pipeline, it is necessary to provide 
site-specific mitigation measures to protect and manage the soil resource. Instead of 
taking into consideration differences arising from the impact of geology, gradient and 
vegetation, mitigation measures in the EIA were provided by dividing the pipeline into 
arbitrary segments of200-300m (Mott MacDonald 1993d). It suffered from the lack of 
flexibility because different types of vegetation could occur in the same segment. 
Failing to realise soil variability along the pipeline, the adoption of a uniform 
management recipe was ineffective too (Table 6.2). Another drawback was the 
emphasis on soil protection during the construction phase and negligence of soil 
amendments leading to restoration planting. These should include measures to 
enhance SOM recovery, neutralise soil acidity and improve soil fertility. 
Had soil fertility been given sufficient emphasis in the EIA. some quality soils 
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along the pipeline could have been preserved. Nutrients in most local soils are found in 
the top 30-cm layer, the preservation and reinstatement of which was not properly 
stated in the EIA. Under this circumstance, it is unrealistic to expect the workers on 
site to handle the problem professionally. Specifically, the GM soil was relatively 
fertile, containing high levels of SOM and TKN. However, the site was treated in 
much the same way as other segments along the pipeline, resulting in the loss of 85% 
SOM and TKN from the soil. Because of this, restoration was least promising on this 
site (see Chapter 5). 
Table 6.2Site-Specific Restoration Proposals for VM, VS and GM 
V M and VS • Pipeline route to fol low existing track to minimise disturbance to vegetation 
• Regrass and mixed shrub planting with tree planting where possible 
G M • Reinstate existing track using surplus excavated rock materia! 
Source: Mott MacDonald (1993d) 
Owing to the lack of sufficient soil baseline and impact prediction, some of the 
mitigation measures are too vague to be beneficial. Specifically, the judicious use of 
fertilizer with respect to type, formulation and dose had not been given in the EIA. The 
problem arose from the lack of a comprehensive soil analysis and its evaluation 
against the need of the targeted restoration species. For instance, the early growth of 
plants normally requires a higher dose of phosphorus to assist root establishment. 
•‘ 飞leiT^t IS 1 Qc 1\ 1 i n the acid soils (complexed by A1 and Fe ions to 
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form insoluble hydroxyphosphate), yet the use of phosphorus fertilizer was not 
recommended. In the absence of specific guideline, both under-dose and overdose of 
fertilizers might occur (Henry & Boyd 1997). While under-dose can delay recovery, 
overdose can lead to water contamination and excessive growth of the ground cover 
that will compete with the shrubs and trees. 
The need for site-specific mitigation is further demonstrated by the localized 
impact of feral cattle. There was no mitigation measure to protect the trench until the 
saplings had been vandalized or completely wiped out by soil erosion partly initiated 
by the cattle. Unfortunately, the fence erected later to keep away the cattle was not 
properly constructed resulting in a perpetuation of the problem. The lack of proper 
site-specific mitigation will aggravate the soils further and delay restoration. Details of 
site-specific mitigation will be elaborated in Section 6.3.3. 
6.2.4 Soil management in EIA 
A number of recommendations on soil management were presented in Table 6.3. 
They can be divided into three categories, namely topsoil preservation, erosion 
prevention and general soil treatment in restoration planting. The effectiveness for 
some of these measures was debatable because firstly, there was a change in topsoil 
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properties and secondly, not all these measures were applicable to the entire pipeline. 
Table 6.3Restoration Proposals Related to Soil Management in EIA Report 
(i) Measures about topsoil preservation 
5.2 Restoration o f Upland Vegetation 
As expected, the most difficult site... steep terrain, exposure and relative th in topsoil... typical 
problems... encountered include...: 
(a) Erosion o f the topsoil by rainfall before the reinstated grass cover can establish and bind the soil. 
5.3 Restoration Guidelines 
(d) establishment o f vegetation... be easier and more successful i f a layer o f topsoil can be replaced 
after backfilling... availability of topsoil... vary greatly, depending on soil type and degree of 
erosion. Before excavation... topsoil should be removed carefully... topsoil should be stored 
separately from subsoil... 
(f) . . .On highly eroded sites it w i l l be necessary to incorporate an organic soil conditioner into the 
top layer to al low grass cover to establish. It is not considered practical to impor t topsoil to the less 
accessible s i tes…topsoi l should be carefully excavated and stored during construction for reuse at 
completion o f the backfi l l ing stage. Plant... pit would be backfilled with the plant's own topsoil and... 
existing material... 
5.6 Technical Specification for Planting Works 
S.2.1.4 Topsoil 
Prior to grassing, the topsoil shall be prepared by removing al l aggregate deposits  
S.2.2.1 Cultivation for Sprigging 
•••On eroded sites lacking topsoil, organic material... shall be incorporated into the top layer of 
soil... 
S.2.6.1 Cultivation for Broadcasting 
•••On highly eroded sites lacking topsoil’ organic material... shall be incorporated into the top 丨ayer 
of soil... 
(ii) Measures about soil erosion 
5.1 Objective 
(a) to ensure that proper stabi l i ty o f the area,…achieved by means o f appropriate soiling... 
5.2 Restoration of Upland Vegetation 
As expected, the most diff icult site... steep terrain, exposure and relative th in topsoil... typical 
problems... encountered include...: 
(a) Erosion of the topsoil by rainfall before the reinstated grass cover can establish and bind the soil. 
(b) Plant retardat ion... can delay plant establishment binding the soil and allow soil erosion to 
take place. 
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(c) F i r e d a m a g e . . . vegetation cover and soi l e r o s i o n by rainfall before.. . re-establish. 
5 .3 R e s t o r a t i o n G u i d e l i n e s 
(a) Where l o c a l drainage patterns create a sheet flow across the site. . . temporary drainage channels 
should be considered to m i n i m i s e soil eros ion during construction. 
(b) Immediately... after backfilled, any aggregate layer... placed by the contractor, should be 
removed and hollows and eroded gullies backfilled and compacted with surplus soil from trench 
excavations. I f the aggregate/fill material is not removed r a p i d w a t e r r u n - o f f a n d g u l l i n g o f the 
subsoil can occur. The site requiring restatement should then be fertilised, cultivated and grassed as 
specified. 
(c) . . . O n c e fire has removed the vegetat ion cover , soil erosion can easily take p lace. . . 
(cl) Same as above 
(e) Subsoil... should not... spread down slope on steep sites for... reasons: 
(i) . . . exposed soi l is created... subjected to severe eros ion during. . . rainfall. 
(in) Existing vegetation may be destroyed by storage o f soil on top... Excavated soil should be 
confined to a minimum storage area on sloping sites by the use o f temporary structures... During rainy 
periods the stored soi l should be c o v e r e d by plast ic sheeting to p r e v e n t s u r f a c e erosion and possible 
saturation which would produce slumping. 
( f ) Same as above 
(k) In order to prevent damage to grass and planting reinstatement works from the feral cattle... 
necessary to provide temporary fence protection to vu lnerable areas during in i t ia l establishment to 
prevent erosion... once... revegetated and the plants are wel l established such fence should be 
removed. 
5.5 Plant Species for Restoration 
In addition to grassing to... ensure soil stabil i ty... 
5.7 Summary and Recommendations 
(a) Landscape restoration must achieve soil stabil i ty... as well as minimise the visual and habitat 
impact by replanting...To this end. soil retention... included in the restoration guidelines. 
(b) Prevention of soil erosion... require close supervision... 
6.0 Conclusion 
(g) restoration works wi l l be required to minimise soil erosion... 
(h) cattle owned by villagers are common... and have adverse impact on the restoration works 
unless restricted through fencing. Trampling and eating of seedlings is possible... unless feral cattle 
are controlled. 
(iii) Measures about general soil treatments 
5.3 Restoration Guidelines 
(b) Same as above 
(d) Same as above 
(e) Subsoil... should not... spread down slope on steep sites for... reasons: 
(ii) ... exposed soil is created... subjected to severe erosion during... rainfall. 
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(iv) Existing vegetation may be destroyed by storage of soil on top... Excavated soil should be 
confined to a m i n i m u m storage area on sloping sites by the use of t e m p o r a r y s t r u c t u r e s ….During 
rainy periods the stored soil should be covered by plastic sheeting to prevent surface erosion and 
possible saturat ion which would produce slumping. 
(f) . . .On highly eroded sites it w i l l be necessary to incorporate an organic soil conditioner into 
the top layer to a l low grass cover to establish. It is not considered practical to i m p o r t topsoil to the less 
accessible sites... topsoil should be carefully excavated and stored during construction for reuse at 
completion of the backfilling stage. Plant... pit would be backfilled with the plant's own topsoil and... 
existing material, i.e., the subsoil... where suitable, with the addition of organic mater ia l as specified 
to improve soil condition. Surplus rocks and stones over 50mm diameter... should be removed 
from site... 
5.6 Technical Specification for Planting Works 
S.2.1.4 Topsoil 
Prior to grassing, the topsoil shall be prepared by r e m o v i n g al l aggregate deposits. . . Soi l for planting 
and grassing w i l l be generally derived from or iginal deposits and excavations on site, where suitable, 
and should be free from stones greater than 50mm . .. except where removal of stones will affect the 
stability of the slope. 
S.2.2.1 Cultivation for Sprigging 
•••On eroded sites l a c k i n g topsoil, o r g a n i c m a t e r i a l . . . shall be incorporated into the top layer of 
soil . . . 
5.2.6.1 Cultivation for Broadcasting 
•••On highly eroded sites lack ing topsoil, organic m a t e r i a l . . . shall be incorporated into the top layer 
of soil . . . 
5.3.2.2 Planting Tube Seedling 
The planting sequence shall be: 
(a) Excavate planting pit 300 X 300 X 300mm 
(b) Approximately 0.5kg of peat moss or compost... and 1 OOgm fertiliser... be added 
to and thoroughly mixed with the backfill soil. 
(c) Refil l the bottom of the pit with soil to bring the junction between stem and root to or just below 
soil level. 
(d) Remove the polythene tube, disturbing the soil as little as possible. 
(e) Tread down the soil f irmly to ensure good contact between the soil and root, finally making sure 
that it is level wi th the remainder of the site. 
5.7 Summary and Recommendations 
(a) Same as above 
(c) . . . s u r p l u s rock mater ia l . . . could be used to rebuild and stabilise these tracks. 
Source: Mott MacDonald 19935" 
- �S a m e restoration proposal is also found from E I A Report prepared in 1992 ( M o l l MacDonald 1992). 
133 
The EIA has rightly highlighted the importance and need to preserve the topsoil 
during construction of the pipeline. However, the proposed measures were not 
necessarily effective in achieving this goal. Firstly, the thickness of topsoil tended to 
vary with location of the site and there was no guideline, as aforesaid, for workers to 
follow. This would lead to inevitable mixing of the layers especially on the steep 
slopes. Secondly, there was a decline in soil chemical properties (e.g. SOM, TKN and 
mineral nitrogen) as a result of layer disturbance. It is a misconception that the new 
soil is equally suitable for plant growth. For instance, Schefflera octophylla is a 
mid-successional species, which requires a relatively fertile soil to support growth 
(Thrower 1988). It was therefore a wrong choice for the disturbed site. In addition, the 
loss of topsoil also reduced natural regeneration from buried seeds and propagiiles. 
Many of the measures proposed for soil erosion control was necessary. For 
instance, covering of topsoil not only prevents soil erosion but also minimizes nutrient 
loss through leaching and surface wash. Besides the unpredicted impacts detailed in 
the preceding section, there were also problems of non-compliance and poor 
supervision. Notable examples included the prolonged exposure of excavated soils and 
lack of adequate surveillance of the site to keep away the cattle and motor cyclists. It 
took more than a year to erect proper fences for this purpose. 
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Soil treatments involving retention, waste removal and amendment were 
implemented to assist plant recovery. It is easier said than done due to the lack of an 
effective monitoring programme. This resulted in non-compliance of mitigation, poor 
supervision and workmanship. Rock fragments were abundant on the entire corridor, 
especially in GG. Many saplings were uprooted as a result of erosion and improper 
planting. The pits were mostly undersized while follow-up fertilizers (Nitrophoska 
12:12:17:2) applied to the surface were easily washed away. The combined use of slow 
and quick release fertilizers in a high leaching environment is desirable but not 
recommended in the EIA, as Nitrophoska used during and after planting is a quick 
release fertilizer imported from Germany. 
The recommendation to amend the backfilled soil with peat moss before planting 
is a correct procedure. From our observation in the field, however, it was unlikely that 
the mitigation had been undertaken at all. Furthermore, there was no specification of 
the C/N ratio of the peat material. The use of high C/N ratio organic material (e.g. 
above 25) will result in nitrate depression of the soil and affect plant growth (Brady 
and Weil 1999). The actual need of external input after soil disturbance should be 
determined by post-project soil evaluation, which will be discussed in Section 6.3.5. 
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Soil management information provided in the EIA Reports and supplementary 
drawings were summarized in Table 6.4. Indeed, for a project of this scale the 
emphasis on soil was disproportionately limited. There is room for improvement of the 
EIA process by incorporating SIA. 
Table 6.4 Soil Management in EIA Report and Supplementary Maps  
Item Content Source |Note 
Soil baseline Soil type, erosion potential Final Report Genera丨 description 
Exist ing erosion, growth potential Drawing 
Impact Soi l erosion may occur Final Report N o specific location, 
prediction separately incorporated in 
master landscape plan and 
restoration proposal  
Mit igat ion (and Restoration proposal—soil Final Report Not site-specific; 
restoration) treatments (see Table 6.3) Peat moss treatment 
challenged  
Restoration proposal (see Table Drawing Site-specific, but rarely 
6.2) touched on soil 
Aftercare Supervision, fence to expel cattle Final Report Ineffective and compliance  
Iquestionable 
6.3 Soil Impact Assessment (SIA) 
Soil assessment has already been included in the present day EIA practice, yet 
the focus is more on pollution and land productivity than on landscape restoration (e.g. 
European Environment Agency 1998). Where soil assessment is practised, it is dealt 
with in different sectors of the EIA including water impact (sediment runoff), land 
impact (heavy metal disposal), or air impact (dust). Fragmented information was 
likewisely provided in the Towngas EIA. as discussed in Section 6.2.3. This is, 
however, inadequate when the project involves landscape restoration. In view of this. 
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there is a need to formally include SIA as a core component in the EIA. The 
procedures shall be the same as air, noise, water and visual impacts that are already 
examined extensively. The principal objective is to avoid, minimize and mitigate 
impacts on the soils in order to promote landscape restoration and minimize 
environmental degradation. In this connection, SIA should include the following: 
(a) First and foremost is the provision of soil quality baseline. A comprehensive 
survey of the soils is required, with special emphasis on essential parameters (e.g. 
texture, SOM, NPK levels) that have direct repercussions on plant growth. A 
comparison against the threshold levels or standards is necessary while 
maintaining certain degree of flexibility. 
(b) It is then followed by an identification of possible spatial and temporal impacts. 
This can be achieved by reference to the literature or experiments set up for this 
purpose. Cumulative impacts onsite and offsite need to be included in the 
process. 
(c) An assessment of the significance of soil impacts is likely to bridge the gap 
between predicted impacts and mitigation. This is made possible by either an 
estimation of the magnitude of impact (e.g. decline in SOM or TKN) or a 
qualitative description (e.g. influence of localized factors such as feral cattle and 
motor cyclists) where significance cannot be quantified. 
(d) The mitigation of predicted soil impacts is perhaps the most important 
component in SIA. All the proposed measures must truly be sustainable and be 
understood by the project manager and his staff. They shall be comprehensive 
enough to accommodate needs arising from the different phases of the project. 
(e) The implementation of mitigation measures becomes futile without inclusion of 
a monitoring program. Close monitoring is required for mitigation compliance, 
workmanship and identification of problems not envisaged in the EIA. 
(0 SIA is itself a learning process, hence its credentials can further be improved by 
findings from a post-project analysis. 
6.3.1 Soil Baseline 
i 
Realizing the importance and necessity of SIA. the soil baseline should focus on 
three aspects, namely soil properties, contamination and soil erosion. 
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Regarding soil properties, the most important parameters that will affect plant 
growth are pH, texture, SOM, aluminum toxicity and NPK levels. A comprehensive 
survey of the soils is fundamental to understanding of the baseline. A comparison of 
these parameters against recommended threshold levels enables the project proponent 
to evaluate the underlying quality of the soils (Burchell et al. 1994; Brown et al. 1994; 
Department of Trade and Industry 1992; Jaenicke & Lengnick 1999; Seybold et al. 
1998). It is trifle to include other parameters in the baseline including bulk density’ 
mineral nitrogen, exchangeable H, Ca and Mg. as well as total phosphorus because 
majority of them is deficient in the local soils. 
Information about soil contamination is required when polliiiion on water and 
restriction on plant growth are likely problems. Ii applies to mining spoils, disused 
airport, abandoned quarries. pul\cr i /cd ash lagoon and landlill sites where the soils arc 
hca\ il> conlaminalcd h\ hca\ > metals. It is thus ncccssar> lo dclcnninc background 
lc\ cl of the pollutants (I,li 1999). 
Soil erosion should be c\alualcd quaniilatixcl\ and qualilalixcl\. This is 
inipoi-iant bccausc pvo')cc{ dcxclopmcni is 丨ikd> to aggravate the problem and impair 
i � ‘ 
ecological restoration. In addition, the system of baseline provision should be flexible 
enough to accommodate the impact of localized factors such as feral cattle and motor 
cyclist in the Towngas EIA. Where exceptionally good quality soils are encountered, 
this should be highlighted in the baseline to justify the predicted impacts and 
mitigation. As soil and vegetation are closely related, the provision of a detailed soil 
baseline may not be possible without occasional reference to vegetation. This can 
easily be achieved, where necessary, by use of the GIS technique. 
6.3.2 Impact prediction and significance 
Prediction of soil impacts should follow the worst-scenario consideration (EPD 
1999). The prediction can be developed stepwise from any particular activity until all 
possible soil impacts are explored. A network should then be built, including 
cumulative impact contributed from original disturbance regime, and linking the 
interaction between different activities and soil impacts (Figure 6.1). 
After exhausting all possible soil impacts, they should then be presented in a 
parameter-oriented approach so that changes of different parameters could be 
separately addressed. The significance of soil impacts should then be discussed with 
the linkage to the whole environment, and also to landscape restoration by considering 
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the original conditions and the anticipated final conditions. 
Figure 6.1 Example of activity-impact network 
( I Excavation j 
i 
• 




/ Reduced \ 
/ SOM \ 
Soil impacts and their consequences on the environment should be presented in 
both general and site-specific formats. General impacts can be introduced in text form 
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and site-specific impacts are illustrated with the aid of drawings in the EIA. All 
impacts must be consolidated instead of being spread out in different sections of the 
landscape master plan, as in the Towngas EIA. Areas receiving the greatest impact 
should be highlighted on the diagrams so that mitigation can be tailor-made to rectify 
the problem. 
6.3.3 Mitigation in SIA 
Mitigation should be formulated according to impact prediction and end-use of 
the area. In general, mitigation should be divided into general and specific measures 
according to conditions of the soil, impact severity and the proposed restoration 
species. Many of the mitigation measures proposed in the EIA to protect the soil from 
being leached and washed away are necessary although more details are needed for 
separation of the surface from the subsurface soils. As aforesaid in the preceding 
chapters, deforestation and the disruption of nutrient cycling had been identified as the 
major cause of soil change. The use of fertilizers to assist growth as well as the use of 
nitrogen-fixing legumes is essential to landscape restoration. Yet, the types of 
fertilizers, formulation, dose rate, time and application methods are also required in 
the EIA. Likewise, aluminium toxicity is likely a problem on the strongly acid soils so 
liming is required to neutralize the soils before planting. 丁his was. however, not 
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provided in the towngas EIA, not to mention the loading rate of lime after taking into 
consideration buffer capacity of the soils. Of course, the quantity of lime should base 
on soil test prior to restoration planting. 
A landscape master plan and restoration proposal can then be provided in the 
EIA, completed with text, tables, figures and drawings. All site-specific measures 
must be shown on the diagrams and enough guidelines should be included for easy 
adoption. 
6.3.4 Monitoring in SIA 
A plan for monitoring the compliance of soil management measures should be 
included in the SIA. which was missing in the Towngas EIA. It should list out clearlv 
all the responsible parties, each of their responsibilities and procedures to follow in 
monitoring. An independent supervisor should be recruited for this purpose to ensure 
compliance of the mitigation measures and to handle complaints throughout the 
project. In the event of non-compliance, the date, place and cause should be recorded 
and brought to the attention of the project manager representing the project proponent. 
Any iinpredicted impacts should also be reported for rapid remedy. For example, a 
fence should be erected once herds of cattle were found along the pipeline. 
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6.3.5 Post-project evaluation in SIA 
The objective of post-project evaluation in SIA is to review comprehensively the 
entire EIA after completion of the project, and make suggestions for further 
improvement. This can be achieved partly by conducting a soil test to evaluate the 
actual soil impacts. In case the predicted impacts were inaccurate, explanation should 
be sought to facilitate knowledge accumulation. Extra soil tests may be necessary 
before the end of the maintenance period to decide whether additional input is needed 
to sustain the system. In fact, the present study represents more or less a post-project 
analysis of the pipeline. The results clearly show that growth performance and soil 
conditions along the pipeline corridor were extremely poor. There are at least two 
implications. First, the predicted impacts might have been underestimated, due to the 
lack of experience in this field and the omission of SIA in the EIA. In view of the 
difficult site conditions, the maintenance period for the restored vegetation can be 
extended from 2 years to 3 years. Second, the different parties involved in this project 
failed to appreciate the scale of the problem. The project proponent was too concerned 
about the safety of the pipeline, including proper trenching, concrete slab laying, 
refilling and compaction of the surface. They failed to recognize the importance of 
speedy vegetation recovery to reinforce pipeline safety. 
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6.3.6 Application of SIA 
The application of SIA provides an opportunity for improving soil management 
through increasing our understanding of the environment and preventing adverse 
impacts. It is an integrated measure for better landscape restoration and environmental 
conservation. Indeed, the adoption of SIA also provides a rationale for deciding 
responsibility and guideline for action and promotes the importance of soil 
conservation. 
However, the difficulties in adopting SIA should not be overlooked, especially in 
the establishment of soil quality standards and acquisition of necessary knowledge for 
assessment. It may need further study to overcome such problems but the .trial and 
erroi: approach in adopting SIA would also allow the accumulation of knowledge. 
Indeed, even if specific standards cannot be found for a particular vegetation 
community, the application of some general rules, like reducing acidity to promote 
root growth for plant saplings would generally be acceptable at the early stage of SIA 
adoption. However, progressive refinements on the requirements of SIA should be 
made with the accumulation of knowledge. 
1 4 5 
The hypothesis that soil impact assessment is unimportant in the EIA of a project 
characterized by linear disturbances was therefore rejected. 
6.4 Conclusion 
From the above integrative discussion, the following conclusions can be drawn: 
(i) The Towngas EIA suffered from insufficient soil baseline, which did not fully 
explain the heterogeneous site conditions. Because of this, many soil impacts 
were either not recognized or under-predicted. Soil mitigation focused more on 
the procedures of excavation and backfilling, but less on measures to restore 
fertility. Site-specific mitigation measures were not provided. 
(ii) For a development project of this nature (i.e. corridor disturbance involving soil 
destruction), it is proposed that a systematic SIA needs to be included in the EIA. 
SIA is a tool that can be used to improve soil management and restoration of the 
disturbed site. A viable SIA should include detailed soil baseline, predicted 
impacts, and workable mitigation. Monitoring and post-project evaluation should 
also be included to ensure compliance of mitigation, remedy of unpredicted 
impacts and gradual improvement of the SIA itself. 
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Chapter 7 
Conclusion 
7.1 Summary of Findings 
With an increasing awareness of the need to protect our environment, the 
restoration of disturbed land is considered a responsibility rather than a generous offer of 
the project proponent. However, the present EIA system cannot ensure an effective and 
sustainable landscape restoration because soil, the fundamental component affecting 
plant growth, has not been properly addressed throughout the process. Insufficient soil 
baseline, over-simplification of soil impacts and mitigation, and lack of proper 
monitoring measures are some of the most basic problems encountered. The present 
study is the first of its kind ever attempted in Hong Kong, providing a framework much 
needed to evaluate and improve our EIA system. A new component of soil impact 
assessment is proposed for inclusion in the EIA dealing with linear disturbance 
comparable to the pipeline project. 
7.1.1 Undisturbed soil conditions 
A retrospective approach was adopted in investigating conditions of the soils prior 
to pipeline construction. The undisturbed soils parallel to the pipeline are highly variable 
in physical and chemical properties. Bulk density of the top 15 cm soils varied from ].16 
g cm-3 in GM to 1.40 g cm"" in GG. 
147 
Texturally, VM and VS are dominated by clay loam, GM by clay loam to sandy 
clay loam, GS by sandy clay loam, and GG by sandy loam. Overall, soils derived from 
granite yielded a coarser texture than soils derived from volcanic rocks. 
All the soils are strongly acidic in reaction, more so in soils derived from granite 
than from volcanic rocks. For instance, pH of the top 30 cm soils varied from 4.25 in 
GM to 4.64 in VS. Soil acidity increased with depth in the granitic soils but decreased in 
the volcanic soils. Total exchangeable acidity also varied substantially with gradient of 
the top 30 cm soils, averaging 7.55 cmol kg—! in GS and 11.39 cmol kg ' in GM. 
All the undisturbed soils contained medium to high levels of SOM in the top 30 cm 
layer, ranging from 3.22% in GS to 5.42% in GM. TKN varied from 0.1 1% in VS to 
0-24% in GM. While SOM is the storehouse of TKN in this unfertilized system, both 
parameters tend to decrease with depth in the soils. Relatively low levels of mineral 
nitrogen were found in the undisturbed soils although NH4-N always predominated over 
NO3-N. NH4-N of the 0-30 cm soils varied from 1 1.44 mg kg ' in GS to 44.25 mg kg"' in 
GM while NO3-N varied from 0.64 mg kg ' in GM to 9.93 mg kg ' in GG. C/N ratios of 
the top 30 cm soils were wider for soils derived from volcanic rocks (e.g. 18.57 in VS) 
than the counterparts derived from granite (e.g. 1 1.26 in GG). 
The undisturbed acid soils contained low levels of phosphate, possibly a result of 
fixation by either Al, Fe or Mn. It varied from 1.34 mg kg ' in GS to 3.77 mg kg ' in GG 
compared to around 150-200 mg kg ' total phosphorus in the top 30 cm layer. 
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The undisturbed soils contained low levels of exchangeable cations, except Na. 
Exchangeable K varied from 0.04 cmol kg—� in GS to 0.27 cmol kg—丨 in GG, while the 
corresponding values for exchangeable Ca were 0.11 cmol kg'' and 1.12 cmol kg 
Exchangeable Mg amounted to 0.11 cmol k g ' in VM and 0.43 cmol kg"' in GG. Overall, 
GS recorded the lowest levels of exchangeable cations. 
ECEC of the undisturbed soils varied considerably, averaging 7.86 cmol kg—丨 in GS 
and 12.01 cmol kg'' in GM. Since base saturation was mostly below 10%, the exchange 
sites of the undisturbed soils were dominated by exchangeable A丨.Al saturation, 
therefore, soared up to 61.73% in GG and 85.82% in VM compared to the base 
saturation levels of only 2.61% in VM and 14.42% in GG. 
Properties of the undisturbed soils varied considerably with geology, vegetation 
and gradient along the pipeline. While it is impossible to differentiate precisely the 
influence for each of these factors, soils derived from granite are on the average better 
than those derived from volcanic rocks. However, among the five sites investigated GS 
also recorded the poorest soil conditions. 
7.1.2 Soil impacts and the resultant soil properties 
Pipeline construction resulted in different impacts of the original soils: positive, 
negative and neutral. There were more negative impacts than positive and neutral 
impacts, and the magnitude of negative impacts was greater in VS. G G and G M than the 
remaining sites. 
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The most obvious negative impact was reduction of SOM and TKN. In the top 30 
cm layer SOM varied 0.56-2.14% and TKN 0.02-0.09%. In the shoulder area, SOM was 
reduced by 39% in VM and 84% in GM. The corresponding values in the pipeline 
proper were marginally higher, amounting to 48% and 85%. In both cases the greatest 
loss coincided with the most fertile GM site. It is, however, inconclusive to say that the 
magnitude of reduction is proportionate to its original reserve in the undisturbed soil. 
TKN loss followed closely the pattern of SOM, averaging 35% in VM and 82% in GM 
in the shoulder area. The corresponding values in the pipeline proper were 43% and 82%. 
The greatest loss was again found in GM. There seemed no differences in the loss of 
SOM and TKN between the shoulder and proper areas of the same site despite 
differential impact activities. 
There was an increase of exchangeable cations in the top 30 cm soils, possibly due 
to the addition of fertilizers during restoration planting. Exchangeable K was elevated to 
0.04 cmol kg ' in the shoulder area of GS and 0.24 cmol kg-丨 in the pipeline proper of 
GG. The corresponding values for Ca were 0.15 cmol kg"' and 1.48 cmol kg ' while that 
of Mg were 0.05 cmol kg ' and 0.47 cmol kg"'. The magnitude of increase was 
insignificant because all the disturbed soils were deficient in cation nutrients. 
The increase of cation nutrients resulted in a spontaneous increase of base 
saturation in the top 30 cm layer, which varied from 4.56% in the shoulder area of GS to 
35.89% in the pipeline proper of VS. This level is considered low compared to the 
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average soils. Aluminum saturation varied from 34.20% in the shoulder of GG to 
73.61% in the pipeline proper of GS, compared to the critical level of 60%. 
The disturbed soils were deficient in available phosphorus, which amounted to 
0.77 mg kg"' in the shoulder area of GS and 3.02 mg kg'' in the pipeline proper of GG. 
Pipeline construction elevated bulk density of the soils to 1.40 g cm'^ and 1.59 g 
cm-3 in the pipeline proper of VM and GG, respectively. The disturbed soils derived 
from granite yielded higher bulk densities than soils derived from volcanic rocks on 
similar slope. 
To sum up, the disturbed soils varied considerably in chemical and physical 
properties. Mitigation measures including soil protection during excavation and fertilizer 
addition during restoration planting were largely ineffective. The soil conditions are still 
sub-optimal to plant growth. 
7.1.3 Evaluation of the EIA Report 
The issue of soil management in the EIA Report was critically examined. There 
was no sufficient provision of effective soil management measures in the report. The 
report had not spelt out the need of a soil baseline, hence the classification and 
identification of soil properties were overly simplified. It failed to identify soils along 
the pipeline that are particularly valuable yet vulnerable to disturbance. Because of this 
impact prediction had not been site-specific and accurate to reflect the influence arisins 
from construction activities and localized factors. Mitigation was then insufficient and 
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ineffective, as reflected by the sub-optimal soil conditions. Special needs arising from 
localized disturbance such as feral cattle and motor bikes were ignored. 
It is proposed a soil impact assessment should be included as an integral part of the 
EIA for similar projects in future. A combination of comprehensive and site-specific 
approach would be needed for the SIA, complete with clearly defined terminology for 
descriptive purpose. Impact prediction should then be developed from a network 
approach, followed by general and site-specific mitigation measures. Monitoring should 
be planned and carried out to ensure compliance of the recommendations, including 
periodic soil tests to verify the efficacy of soil amendment measures. 
7.2 Implications 
7.2.1 Challenge to Aber's disturbance level theory 
Aber (1990) had classified ecosystem disturbance into three different levels, 
namely vegetation disturbance (mild), soil disturbance (moderate) and soil destruction 
(severe). It provides much insight for the selection of species in ecological restoration. 
For instance，when soil destruction is involved as in mining and quarrying, the use of 
pioneer leguminous species is preferred to the more nutrient demanding non-legumes. 
However, there are limitations in the real-world application of this model. Firstly, 
the level of disturbance may not always reflect the severity of soil impacts. The pipeline 
proper suffered from soil destruction (excavation) while the shoulder area suffered from 
soil disturbance (vegetation removal, soil storage). Yet there were no significant 
differences in soil impacts including the reduction of SOM and TKN between these two 
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areas. It is not known if the shoulder area had been left too long after the clearance of 
vegetation. Erosion could have been initiated and accelerated by vehicles moving along 
the pipeline, resulting in the loss of fine particles or the topsoil layer. The severity of this 
impact should not be underestimated yet the retrospective approach adopted in this study 
did not permit investigation of the process. It warrants further study in future projects，as 
the information is extremely useful in impact prediction. 
Secondly, there are inherent problems in Aber's classification model because the 
interface between vegetation disturbance, soil disturbance and soil destruction in some 
instances has never been clear. While the clearance of vegetation prior to excavation is a 
typical example of vegetation disturbance, it can also be a soil disturbing process with 
reference to SOM and TKN loss. This is due to removal of the protective vegetation 
cover and a disruption of the nutrient cycling pathway. It is thus necessary to examine 
not just the disturbance activity but also the associated ecosystem mechanisms in soil 
impact assessment. Owing to the lack of experience in Hong Kong, it is also advisable to 
adopt SIA in any large scale disturbing activities using a system-oriented approach 
rather than an activity-oriented approach (Blum 1993). 
7.2.2 Consolidation of impacts assessment in EIA 
When SIA is introduced to the EIA, more integration is needed to consolidate the 
soil impacts with the ecological impacts. Ecological impact assessment focuses on 
habitats and species (e.g. Institute of Environmental Assessment 1995), but ignores the 
soils that support and influence them. However, the soil, vegetation and wildlife are 
integral parts of an ecosystem, which should not be separated in the assessment. One 
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approach to consolidate the soil impacts with the ecological impacts is to present both 
the soil and habitat data, and to establish a relationship between them, as suggested in 
section 6.4.1 of the preceding chapter. The same linkage can be extended to other 
components in the system, such as the influence of air and water quality on soil and the 
ecosystem, and vise versa. This will improve effectiveness of the revamped EIA. 
7.2.3 Information for soil impact assessment 
In Hong Kong there is a dire of soil information needed for the implementation of 
SIA in the EIA process. Local knowledge is preferred to overseas knowledge for the 
obvious reasons that no two soils are the same and that many disturbing factors are 
highly localized. Recently, the Environmental Protection Department has placed their 
EIA reports on the Internet to facilitate accessibility by the public. There is no reason 
why local researchers on soil science, though limited in number, do not follow suit to 
exchange information with the other parties. This will assist the dissemination of 
knowledge, improve the EIA process, and ultimately benefit the well-being of the local 
people. 
7.3 Limitations of study 
One limitation of the study is the lack of sufficient information, hence we need to 
be cautious of the potential errors contained therein. Because of this, several 
assumptions had been made to resolve the problem of inadequate data. It was assumed 
that the workers would replace the soils to where it had been excavated. The assumption 
seemed to be reasonable but not necessary so, especially when there was no monitoring 
to ensure compliance of the recommendations. Interpretation of the soil impacts should 
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therefore focus on 'how pipeline construction had changed the soil conditions of a 
particular site，，rather than 'how pipeline construction had changed the condition a 
particular soil.' 
The study had suggested possible factors for the occurrence of soil impacts, but fell 
short of quantifying the impact of a particular factor. For example, it gave an overall 
percentage reduction of SOM but not the differential impacts arising from physical 
removal and mineralization. Therefore, the application of results obtained in this study 
to other areas should focus on the causes of impact rather than their corresponding 
weighting on change of the soils. This also explains why detailed account is not 
provided for the relative importance of disturbing factors in the aforesaid discussion. In 
addition, the influence of workmanship though important could not be evaluated by the 
retrospective approach adopted in the study. 
A n o t h e r l imitation related to the retrospective approach is impact identif ication o f 
the soils. S o i l s a m p l e s col lected after the project had been subjected to the inf luence o f 
act ivit ies other than pipel ine construction, such as fertilizer addit ion, post-planting 
leaching and d a m a g e s by feral cattle and motor bikes. T h e evaluat ion o f soil impact in 
relation to geology and gradient was further constrained by the experimental design, 
w h i c h adopted an area-to-area a n a l y s i s rather than a point-to-point analys is . For e x a m p l e , 
an evaluat ion o f soil change was m a d e between the shoulder area and the undisturbed 
soils. It is neither possible to conduct statistical analys is on the magnitude o f change due 
to smal l sample s ize ( n = 5 ) . hence preventing a quantitative assessment o f the influence 
o f a particular factor. 
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The effect of soils on plant growth was interpreted in a relatively generalized 
manner, primarily because it fell outside the present scope of study. Cross comparison 
was made by drawing information from overseas studies. The nutrient requirement and 
environmental response of the restored vegetation are virtually unknown. 
The present study was also constrained by the lack of sufficient manpower, 
resource and time. We measured only the static change of soil properties but not the 
dynamic changes. To some extent, this has limited the interpretation and application of 
the results. 
7.4 Further Research 
The study attempted to evaluate the impact of human activities on soil yet the 
quantitative impact of a particular activity was not measured. The change of soil 
properties arising from a specific activity warrants further study because the information 
gathered enables a better prediction of the severity of the impact, which in turn affects 
outcome of the mitigation measures. 
The present research proposed the inclusion of SIA in the EIA process. The 
framework provided to make this happen is preliminary and we need to accumulate 
moi-e information in this regard by conducting more post-project analysis. Ideally, this 
should cover a wide range of different projects involving linear disturbance or 
disturbance of a sizable area such as infrastructure development on wetlands. 
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For proper soil protection, setting of standards for soil quality tended to be the very 
beginning point (Haberli & Reiniger 1993). However, such kind of standards is not 
found in the local literature. Therefore, information on soil-plant relationship in the local 
environment involving localized and ecosystem approach is urgently required. The 
information will serve as a useful guide in the selection of species for restoration 
planting. Furthermore, long-term monitoring of the soil and plant growth conditions can 
also help us improve and revamp the EIA process. 
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Appendix II Change of Soils after Pipeline Construction 
Appendix 5.1 Change of Mean pH Value after Pipeline Construction with 
Reference to Undisturbed Soil Value  
Site V M V S I GG G M GS 
Area S | P ~ S | P S | P S I P " S I P 
0 - 10 cm 039 ^ ol2 ^ o l o oT4 ^ ^ 0.23 
(9%) (4%) (14%) (17%) (3%) (2%) r8%) (9%) (10%) (5%) 
10-20 cm 0.36 0.19 0.49 0.45 0.18 0.06 0J7 0J3 Ml M 5 
(8%) (4%) (11%) (10%) (4%) (]%) f9%) f]7%) (9%} 
2 0 - 3 0 cm 0.04 0.37 OJl 0J4 0.30 0.24 0.49 0.47 0J3 OM 
(1%) f8%) (7%) (12%) (IVo) (5%) (12%) (U%) n^n) (T%) _ 
3 0 - 4 0 cm M l QJ8 032 0J9 0.29 0.27 OJO 0.55 0.71 0.04 
(2Vo) (8%) (7%) (8%) (Wo) {10%) {IWn) (17%、 f1%-> 
40 - 50 cm OJO 036 0J8 OAO 0.31 0.16 0.36 0.41 0J3 腿 
(80/o� (60/o� (9%) (7o/o) (40/0� • (wo/o� ( T ^ � � f l ^ ) 
Value in italic form indicates a significantly different wi th that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult ip le Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.2 Change of Mean Exchangeable Acidity (cmol kg'') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
Site I V M IVS IGG I G M |GS 
Area ~ S I P " S I P S I P ~ S I P S P 
0- 10 cm -5.23 -6.51 -4.68-6.74-1.60 -2.46 -6.26-6.70-1.82-2.11 
f-47%) (-58%) (-58%) (-83%) (-20%) 广. 5 7 % ) f-说/n、 
10-20 cm -4.15 -5.54 -_3J6 -JJ6 -4.57 -4.14 -4.49 -5.02 -0.40 -0.26 
(-37%) (-49%) f-32%) f-51%} r-43%) f-^9%) (-逃、(-SQ/n) (-40/,) 
2 0 - 3 0 cm -JM -JJ8 -2.33 -4.11 -4.55 -4.49 -2.49 -4.03 -0.52 -0.15 
(-29%) f-52%) f-23%) r-4I%) f-40%) 丨 广 ( - 2 % ) 
3 0 - 4 0 cm -2.95 -4.62 -1.53 -4.18 -5.31 -5.75 -1.76 -3.51 -0.79 -0.31 
f-30%) (-47%) (-15%) (-41%) (-46%) 洲> (Im.^ UA^) 
4 0 - 50 cm -1.59 -2.96 -2.12 -3.67 -4.79 -4.86 -1.35 -2.66 -0.67 -0.63 
(-190/0、{-35%} (-220/0、(-38%) (-44%) (-45%) (-14%) (-28%) (-9%) (-9%) 
Value in italic form indicates a significant y different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.3 Change of Mean Exchangeable Aluminum (cmol kg"') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
Site V M VS GG G M GS 
Area — S P 一 S P 一S P S P ~~S P 
0-10 cm -5.48 -6.82 -4.44-6.05-2.36 -2.87 -6.09-6.24-1.23-1.43 
(-560/0) (-70%、(-65%) (-HHVn) (-"^QVn) f-^QQ/n) (-•/。、 
10-20 cm -4.3] -5.70 -3.26 -5.12 -5.01 -4.20 -4.82 -5.08 -0.78 -0.33 
(-43%) (-57%) (-37%) f-6?%) (-4舰、(-^no/.) r-i)o/A�（_〜/„) 
2 0 - 3 0 cm -3.25 -5.32 -2.31 -4.07 -6.02 -4.95 -2.33 -3.70 -0.72 -0.09 
f-58%) (-26%) (-46%) f-64%} ^-57%) 心 1 (-47。/。、U]。/。、f-^o/.) 
3 0 - 4 0 cm -2.99 -5.10 -1.78 -4.16 -5.62 -5.33 -1.80 -i.27 -1.30 -0.48 
(-^5%) (-59%) (-20%) (-46%) (-^Wn) 〈-?0 紛 /IT^i fl^) 
40 - 50 cm -1.99 -3.94 -2.02 -3.76 -3.90 -4.15 -2.06 -3.13 -0.52 -0.50 
(-27%) (-52%) (-24%) (-45%) (-47%) (-50%) (-25%) (-38%) f-9%) 
^ c foi iTi indicQ t^es a si。rii"flcantJy dif^ferent with that in undisturbed soil, at p < 0.05 level bv 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
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Appendix 5.4 Change of Mean Exchangeable Hydrogen (cmol kg"') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
^ V M V S GG G M GS 
Ai^ S P S P S P S P S P ^ 
0- 10 cm ^ ^ -0.24 -0.68 ^ ^ -0.46-0.59-0.67 
(18%) (22%) f-19%) (-55%) (25%) 0 4 % ) M Q % ) f-28%) (-27%) (-31%) 
1 0 - 2 0 cm 0.16 0.16 0.00 -0.14 0.44 0.06 0.33 0.05 0.37 0.08 
(\2%) (12%) (0%) (-10%) (17%) (2%) (24%) (4%) (30%) (6%) 
2 0 - 3 0 cm 0.26 -0.06 -0.02 -0.04 1.67 0.46 -0.16 -0.33 0.20 -0.06 
(22%) (-6%) (-2%) (-3%) (89%) (24%) (-9%) (-18%) (15%) (-4%) 
3 0 - 4 0 cm _ 0J2 0.25 -0.03 0.31 -0.41 0.04 -0.25 0.5] 0.17 
(4%) (43%) (2\Vo) (-2%) (18%) (-24%) (3%) (-14%) (44%) 05%) 
40 - 50 cm 0.40 0.97 -0.10 0.09 -0.88 -0.71 0.71 0.47 -0.15 -0.13 
f37%) (90%) (-9%) (8%) (-35%) (-28%) (63%) (42%) (-11%) I r-10%) 
Value in italic form indicates a significantly different wi th that in undisturbed soil, at p < 0.05 level by 
Duncan's Mul t ip le Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.5 Change of Soil Texture after Pipeline Construction with Reference to 
Undisturbed Soil Value  
^ Y M V S GG G M GS 
Area S P S P S P S P S P 
0 - 10 cm -- -- CL to L -- -- -- -- “ SCL to SCL to 
SL SL 
10-20 cm -- -- -- - -- -- C L t o CL to SCL to SCL to 
SCL SCL SL SL 
2 0 - 3 0 cm C L t o C -- -- -- -- - C L t o C L t o SCL to SCL to 
SCL SCL SL SL 
30 - 40 cm -- -- C to CL C to CL -- -- C L t o C L t o SCL to SCL to 
SCL SCL SL L 
40— 50 cm C L t o C -- C to CL C to CL -- -- C L t o C L t o SCL to SCL to 
SCL SCL I SL I I, 
--Stands for no change, CL stands for clay loam, C stands for clay, SCL stands for 
sandy clay loam, L stands for loam and SL stands for sandy loam. 
Appendix 5.6 Change of Mean Bulk Density (g cm"^) after Pipeline Construction with 
Reference to Undisturbed Soil Value  
^ V M VS I GG G M GS 
Area S P S P S P S P S P 
0 - 1 5 cm ^ aJ] 023 034 0 3 FTq UJ] ^ 036 oir~ 
fI9%J (18%) (20o/o) (29%) (9%) (No/o) (28%) (28�/�) (30%) (27%) 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
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Appendix 5.7 Change of Mean Soil Organic Matter (%) after Pipeline Construction 
with Reference to Undisturbed Soil Value  
site V M V S GG G M GS 
Area ~ S P S P S P S P S P ^ 
0- 10 cm - 2 . 7 2 - 2 . 6 0 ^ J J ] - 4 . 1 8 - 3 . 2 6 - 3 . 5 0 - 7 . 0 7 - 7 . 2 5 - 3 . 2 3 - 3 . 4 8 
(-54%) (-51%) (-78%) (-86%) (-67%) (-72%) (-86%) (-88%) (-69%) (-74%) 
1 0 - 2 0 cm -0.74 -1.34 -2.23 -2.59 -2.56 -2.27 -3.82 -3.82 -_L3l -JM 
(-24%) (-440/0�(-72%) (-84%) (-69%) f-61%) f-83%) (-83%) f-4H%) f-72%) 
20 - 30 cm -0.58 -1.07 -1.85 -1.81 -1.61 -1.28 -2.12 -2.69 -1.49 -1.23 
f-25%) r-46%) (-81%) (-79%) (-54%) (-43%) (-79%) (-78%) (-68%) f-56%) 
3 0 - 4 0 c m 0.08 -0.61 -1.29 -1.25 -0.96 -0.76 -1.72 -1.80 -0.83 -0.41 
(6V0) (-450/0) (-75%�(-73%) r-45%) f-360/o) f-67%) f-70%) f-61%) f-^^OVn) 
4 0 - 5 0 c m 0.15 0.09 -1.08 -1.01 -0.87 -0.52 -1.53 -1.58 -0.36 0.30 
(14%) (8%) (-690/0�(-65%) (-49%) f-29%) (-66%) (-68%) (-36%) (30%) 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mul t ip le Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.8 Change of Mean Total Nitrogen (%) after Pipeline Construction with 
Reference to Undisturbed Soil Value  
^ V M V S I GG G M GS 
Area ^ ^ S P S P S P S P S ~ ~ P 
0 - 10 c m ^ ^ - 0 . 0 8 - 0 . 1 0 - 0 . 1 8 - 0 . 1 9 - 0 . 2 9 - 0 . 2 9 ^ ^ - 0 . 1 4 
(-58%) (-42%) (-71%) (-79%) (-69%) (-7Wa) (-HWn) (-RWn) (-f^RQ/n) (-7 40/.) 
1 0 - 2 0 cm -0.02 -0.05 -0.07 -0.08 -0.13 -0.12 -0.17 -0.17 -AM -_0M 
(-170/0) (-42%) f-70%) (-80%) (-6H%) f-6Wo) f-Sl%) r-SJ%) (-^OQ/n) (.7>0/.) 
2 0 - 3 0 cm -0.01 -0.04 -0.06 -0.06 -0.08 -0.06 -0.12 -0.12 -0.09 -0.06 
(-110/0) ( - 4 4 % ) (-750/0�(-750/0�f-57%) r-43%) (-7Wn) (-QQo/n)广-仰叱） 
3 0 - 4 0 c m 0.01 -0.03 -0.04 -0.04 -0.05 -0.05 -0.08 -0.08 -0.03 -0.03 
(170/0) (-50%) f-67%) (-67%) f-4S%) (-45%) “67%) (-f^lVn) (-J 彻(.d-.Q/.^ 
4 0 - 50 c m 0.01 0.00 -0.04 -0.04 -0.06 -0.04 -0.08 -0.08 -0.02 0.01 
(20%) (0%) (-67%) (-67%) (-60%) (-40%) (-67%) (-67%) f-40%) (20%) 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
A p p e n d i x 5.9 C h a n g e o f M e a n A m m o n i u m - N i t r o g e n ( m g kg" ' ) a f t e r P i p e l i n e 
C o n s t r u c t i o n w i t h R e f e r e n c e to U n d i s t u r b e d Soi l Va lue  
Site V M — VS GG G M GS 
Area S P S P S P S P S P 
0 - 10 c m - 1 6 . W -16.92 -18.18 -19.10 -54.37 -56.12 -52.47 -37.81 -13.25 -13.50 
(-61%) (-64%) (-78%) (-H7%) (-RQVn) {-97%) (-QlVn) ( - • . � (-7Ro/.\ (_ 請 � � 
1 0 - 2 0 c m -4.61 -10.65 -12.17 -13.43 -34.23 -31.99 -40.33 -40.74 -7.84 -9.63 
(-250/0) f-57%) (-72%) (-ROVn) f-QlVn) (-RWn) t-HQo/n) (-()•� (-ll�人、(-^^o/,^ 
2 0 - 3 0 c m 3.34 -3.86 -7.91 -8.22 -23.68 -23.09 -25.54 -26.09 -4.06 -4.21 
( 2 3 0 / 0 ) ( - 2 6 % ) f-70%) f-72%) f-H4%) r-S?o/n) (-R^Q/.) (.Rjo/.^ 八？�/� 
3 0 - 4 0 cm 2.68 -5.01 -5.31 -5.96 -16.78 -17.67 -10.74 -12.98 -1.97 -2.17 
(260/0) (-49%) f-59%) f-66%) f-S]%) r-S6%)�-M 拟广-7)—如(�7o人、(-^iQ/r^ 
4 0 - 5 0 c m 2.18 3.93 -4.90 -5.03 -12.26 -7.95 -11.15 -J3.5J -1.64 -1.10 
(23%) (4\%) (-60%) f-61%) (-83%) (-53%) (-62%) (-76%) (-48%) (-32%) 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
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Appendix 5.10 Change of Mean Nitrate-Nitrogen (mg kg' ') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
^ V M V S GG G M GS — 
Area S P S P S P S P S P 
0 - 10 c m M l -0.38~~-17.27 - 1 0 . 7 7 1 1 . 3 9 -0.80 
(71%) f216%) (7%) (-57%、(-94%) (-58%) -^38%^ (1098%) (-7Wa) (-ISVn) 
1 0 - 2 0 cm 0J5 2M -0.42 -0.71 -5.39 -3.53 QM UZ -0.44 -0.18 
(35%) (139%) (-44%) (-74%) (-91%) (-60%、 (1071%) {-6Wn) 
2 0 - 3 0 c m 1.65 1.99 -0.42 -0.16 -4.71 -2.77 0.22 0.88 -0.01 0.22 
(230%) (277%) (-56%) (-22%) (-87%) (-51%) (64%) (252%) (-4%) H^Vn) 
3 0 - 4 0 c m 0.29 0.78 -0.15 -0.50 -_M6 -0.37 1.46 0.06 0.53 
(15%) (4\%) (-16%) (-53%) r-87%) (-]2%) f229%) no%) 
4 0 - 50 c m LM -0.15 -0.37 -JJO -0.54 2.32 -0.08 0.09 
(-3%) (62%) (-27%) (-67%) (-88%) f-11%) (-73%) G10%) (-61%) ^69%^ 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.11 Change of Mean Total Phosphorus (mg kg—!) after Pipeline 
Construction with Reference to Undisturbed Soil Value  
^ V M VS GG G M GS 
Area ^ ^ S P S P S P S P S P 
0- 10 c m 5 3 . 3 5 7 7 . 6 3 ^ ^ - 4 2 . 3 1 Y J x -55.83 -35.91 H I 32.70 
(112%) (163%) (-9%) (21%) M8%) (Wo) (-28%) M (AVc^ (RQQ/n) 
10-20 cm 28.54 74.61 -17.94 -6.09 -31.03 13.81 -30.12 -21.38 -8.34 -1.75 
(85%) (223%) (-36%) (-]2%) (-]5%) (IVn) “19%、f-nVn) f-77<Vn) (-^ Q/.) 
2 0 - 3 0 cm 40.77 44.64 -11.35 -1.10 -10.66 29.10 -5.61 2.74 -10.00 -0.82 
(127%) (139%) f-30%) (-3%) (-5%) (]5%) (-4%) f-^7%) (^) 
3 0 - 4 0 cm 40.88 18.17 -7.06 -2.52 10.27 -13.21 -11.18 0.36 -7.88 0.30 
(169%�(75%) (-20%) (-7%) (-7%) r-8%^ f-7Qo/n) 
40 - 50 cm 31.35 22.61 -4.55 0.64 -21.55 -24.30 -16.70 -4.72 -3.39 8.37 
\(127%)\ (92%) f-13%) (2Vo) (-\0%) (-\\%) I (-11%) I (-3%) (-13%) f33%) 
Value in ita ic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
A p p e n d i x 5.12 C h a n g e of M e a n Avai lab le P h o s p h a t e ( m g k g ' ' ) a f te r P ipe l ine 
Cons t ruc t ion wi th R e f e r e n c e to Und i s tu rbed Soil Value  
^ V M ~ ^ GG G M ^ 
Area S P S P S P S P S P 
0 - 10cm 1.45 -0.09 J m - 0 . 2 7 ^ ^ T37 J l o 
(55%)__(-3%) (47%) (-\2%) (-\]%) (-\Va) M W “ • ( • • 、 〈； 
10-20 cm 0.43 0.42 -0.52 -0.72 -2.75 -2.02 -1.73 0.11 -0.63 -0.08 
(25%) (24%) r-22%^ f-66%) f-4H%) (-^7%) (4%� f-4Ro/n-i 
20 - 30 cm 0.34 0.47 i J l 034 1.03 -0.17 -0.56 -0.28 021 111 
(28%) (39%) (272%�(AWc^ r-7R%) (-14"/.) ( 1 ^ / > �f ^ ' ^ o A ^ 
30-40 cm 1.01 -0.43 2.83 -0.90 -0.28 -0.15 3.28 0.35 -0.49 -0.12 
(56%) (-24%) (242%) (-71%) (-\9Vn) (-]OVn) nav.) Li so/,) 
40 - 50 cm 3.62 2.34 Ml -1.85 -0.99 -0.72 -0.76 0.01 0.02 0.38 
(503%) (325%、n36o/o> (-83%) (-52%) (-83%) (-45%) (^1%) m.A.)* fN.A.)氺 
Value in ita ic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
DuncarTs Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. * For comparison not applicable because undisturbed value equals to zero. 
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Appendix 5.13 Change of Mean Exchangeable Potassium (cmol kg'') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
^ V M V S GG G M GS 
Area S P S P S P S P S ~ ~ P ~ ~ 
0-10 cm -0.06Ml ^^^ ^ ^ 0.14 
(-13%) riO%) f-46%) (5Vo) (-42%) (-2S%) (-25%) (3%) (29Vn) f226%) 
1 0 - 2 0 cm 0.01 0.02 -0.02 0.02 0.00 0.03 M i QM -0.00 0.03 
nO%) (29%) (-32%) (32%) (2Vo) (16%) (6%) f50%) r-10%^ nH%) 
2 0 - 3 0 cm 0.04 0.04 -0.20 -0.16 -0.00 0.01 _ Ml _ Ml 
(80%) (98%) f-87%) (-71%) (-3%) r8%) (4%) (78%) (25%) (157%) 
3 0 - 4 0 cm 0.04 0.05 OM QM -0.01 0.03 M i QM ^ QM 
(1230/0) (1670/0、 (6%) (72%) (-5%) r28%) (MVo) f]62%) fJ^/n) 
40 - 50 cm 0.03 0.06 -0.00 0.01 -0.01 0.07 -0.01 0.07 _ QM 
m%) \n85%)\(-\2%) \ (25%) (-5%) (570/0� r-8%) I n 09%) I (31%) \fl70%} 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.14 Change of Mean Exchangeable Sodium (cmol kg"^) after Pipeline 
Construction with Reference to Undisturbed Soil Value  
^ V M VS GG G M GS 
Area ^ ^ S P S P S P S P S P 
0- 10 cm ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ - 0 . 0 5 0 . 0 0 
(-26%) (-15%) (-U%) (0%) (-4%) r-8%) r-5I%) (-S2%) (7]Vn) (5%) 
1 0 - 2 0 cm M Z M i 0.00 -0.01 QM _ M i -0.05 0.03 0.05 
(244%、f41%) (-13%) (62%) (IVo) (-51%) nO]%-| 
2 0 - 3 0 cm 0.08 -0.01 -0.01 -0.01 0.05 0.04 -0.01 -0.08 -0.01 0.05 
(2740/0) (-19%) (-16%) (-170/0) (71%) (63%、 (-10%) (-76%) (S^n) 
30-40 cm 0.02 0.01 -0.02 -0.03 -0.03 0.01 -0.08 -0.07 -0.03 0.04 
nOO%) (52Vo) f-25%) (-46%) (-34%) (10%) (-90%、(-H6%) (^^Q/n) 
4 0 - 5 0 cm -0.01 0.02 -0.03 -0.04 -0.01 0.01 -0.06 -0.10 0.04 0.02 
(-42%) (750/0) f-50%) (-68%) f-11%) (150/0) (-60%) (-97%) (56%) (30%) 
Value in italic form indicates a significant y different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.15 Change of Mean Exchangeable Calcium (cmol kg"') after Pipeline 
Construction with Reference to Undisturbed Soil Value  
Site V M VS I GG G M GS 
Area S P S P S P S P S P 
0 - 10cm 004 ^ 'mi ^ ^ ^ ^ lu'l ^ - 0 . 0 9 0.03 
(16%)__(97%) (101%) (192%、 (-]6%) (-n%) (77%) (Q7%l 广-??拟 rio^^ 
10-20 cm 0.16 0.22 021 QJ2 0.28 0.06 0.26 0.46 0.11 0.23 
f228%) (305%) (106%) B6Wn) (22%) (4%、 nS0%-> (717o/n-> (迎。人、 
20 - 30 cm 0.15 0.42 腿 OJl 1.02 1.23 0.16 0.17 OJO QJ2 
(675%) (1889%) (296%、(^97%) n M % 、 M ( 1Q5%、(^A . ) (inVTo/.^ 
30-40 cm 0.09 0.40 ^ Ml 1.08 1.58 0.06 0.06 _ QJ4 
(484%) (2180%) (535%) (1192%) ^ 2 6 5 % ) 门 8 7 。 / 。 、 ( d ^ . ) (^/m 
4 0 - 5 0 cm 0.05 0.35 O J l 044 0.68 1.26 -0.04 0.02 0.07 0.08 
(65%) (498%) I (174%) I (590%) I (178%) I G30%) I f-25%) I ri3%) (57%) f70o/o� 
Value in italic form indicates a significantly different with that in undisturbed soi，at p < 0.05 level by 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
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Appendix 5.16 Change of Mean Exchangeable Magnesium (cmol kg"') after 
Pipeline Construction with Reference to Undisturbed Soil Value 
^ V M ~ V S GG G M GS 
Area S P S P S P S P S P 
0- 10 cm -0.05 Om -0.08-0.07^^ -0.39 KTs oTd-0.14-0.12 
(-32%) (9%) (-32%) (-27%) (-44%) (-55%) (55%) (59%) (-56%) {-S0%) 
10-20 cm -0.00 0.06 0.03 0.06 -0.06 -0.13 0.32 0.25 -0.04 -0.03 
(-5%) (71%) ni%) (60%) (-130/0) (-30%) (259%) (200%) r-52%) {-40%) 
2 0 - 3 0 cm _ OM QM QJ7 0.25 0.25 0 J 4 Ml -0.02 -0.01 
(1%) (160%) (124%) (267%、(\53%) (154%) r4I0%) f98%) f-48%^ r-18%^ 
3 0 - 4 0 cm Q.Ql 0.15 0.10 0.16 0.31 0.32 QM O J I -0.01 0.00 
(40%) (4240/0、(217%、(339%) 098%) f2Q1%) (409%) (]U%) (-^OVn) r4%) 
40 - 50 cm OM QJ8 0.09 0.10 0.32 0.22 QJJ 0A3 0.00 0.01 
(171%) (516%) (188%) (201%) (223%) (153%) (407%、(139o/o) I (6%) 0 8 % ) 
Value in italic form indicates a significantly different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Mult iple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
represents proper area. 
Appendix 5.17 Change of Mean ECEC (cmol kg"') after Pipeline Construction with 
Reference to Undisturbed Soil Value  
^ V M VS I GG G M G^ 
Area S P S P S P S P S P 
0 - 10cm -5.98-4.30'^224-3.08-6.07^^—1.97-2.15 
(-45%) (-51%) (-45%) (-57%) f-21%) (-29%) (-47%) f-4H%) (-74Vn) 
10-20 cm -3.98 -5.24 -3.29 -4.68 -3.27 -2.95 -3.93 -4.26 -0.32 0.21 
(-34%) (-450/0) (-30%) (-43%、(-28%) (-25%) f-n%) f-^6%) (-4%^ 
20 - 30 cm -2.72 -4.83 -2.15 -3.20 -3.03 -2.95 -1.89 -3.78 -0.44 0.12 
(-26%) (-46%) (-21%) (-31%) (-25%) (-24%) (-17%} (-U%) (-6%) 
30 -40 cm -2.79 -4.00 -1.25 -3.58 -3.95 -3.81 -1.43 -3.33 -0.79 -0.09 
(-28%) (-40%) (-12%) f-35%) f-32%) f-3l%) (-14%) {-//%i 
40 - 50 cm -7,77 -2.36 -1.93 -3.16 -3.8/ -3.30 -1.09 -2.54 -0.55 -0.53 
(-17%) (-27%) (-20%) (-32%) (-33%) (-29%) (-11%) (-26%) (-7%) (-7%) 
Value in italic form indicates a significant y different with that in undisturbed soil, at p < 0.05 level by 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and f) 
represents proper area. 
A p p e n d i x 5.18 C h a n g e of M e a n Base Satura t ion (%) a f t e r P ipel ine Cons t ruc t ion 
wi th R e f e r e n c e to Und i s tu rbed Soil Value  
^ V M ^ I GG G M GS 
Area S P S P S P S P S P 
0 - 10 cm 1737 2 2 . 6 0 5 0 . 7 7 ^ J m ^ ^ J J Y l ^ 
(75%) (374%) (138%) t309%i (-1%) (n4%) (17V>/A i-^W.) r?4%) 
10-20 cm 1 1 / 幢 M l 14.26 19.89 18.20 8.89 11.98 1.17 5.13 
(19-%) (381%) (31%) (245%! (229%) P，<S%) n(、4%> (4So/.) (IQ^Q/.) 
20 —30cm 4.01 17.11 16.76 16.41 22.10 7.13 5.30 L29 165 
(269%) (1148%) (280%) fJ2/4%i P.60%) nfr%i (T^人、 
30-40 cm 11.80 3.48 10.19 19.69 27.00 4.08 4.58 033 IW 
(279%) (112伪(204。。）(596%) (14]%> r i ^ ) //"Z^., 
40 — 50 cm 146 10.22 2.98 9.2" 17.97 22.00 3.52 3.75 2.03 2.34 
I (135%) I (562%、I (139。。）I (433%) I (284"o) I (347%) (80%) (85%) (62%) (71%) 
Value in italic form indicates a significant!} different with that in undisturbed soil, at p < 0.05 level bv 
Duncan's Multiple Range Test. Value underlined indicates a significant difference between shoulder 
and proper values. Values in parenthesis represent percentage change. S represents shoulder area and P 
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